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Abstract 


In  iiLM(is|)in.'i.'in.'tiviiii.'.s,imiliimsitkiK'.ss-,s|K;i.'ifk'nllyiiirMi.'k]ioss,  cimliiiuos  III  Ilea  pi'iililijm  iliiriii(;llyiii)>li  iiiiiiiiniiiitl  in  regulni- 
(ipi'intiiins  Ini'  iiiivrow  niul  passengers  (e,g.  pai  iilrii(ips).  Sinuiliilnr  sickness  can  ilegraile  llie  elTecliveiiess  nrsiimilnlnr  Irainiiig 
anil  space  sickness  reiluees  the  el'licieney  iil'aslniiinuls.  Seasickness  is alsiinrneniiiieilical  concern  in  so  I'ar  ns  it  alTecis  aircrew 
operniing  I'loin  ships  inul  llic  survivaliiiily  ol'ililchetl  nvinlors. 

The  l.cclnrc  Series  has  heen  ilesigneil,  priinarily,  to  iikl  prnclisiiig  l■■|ighl  Snrgeoiis  in  the  pcrroi'inance  of  iheir  primary  care 
ilulies,  ll  shonhl  also  he  of  inleresl  to  olhers  who  wish  to  iihiain  an  overviesv  of  recent  lulvnnces  in  the  iiinierslnmling  of  tiie 
aetiology  ami  ircnlim'ni  of  motion  sickness: 

I'itc  topics  III  he  covcrei.1  in  tiie  12  leclures  are; 

1,  Ciinicni  I'eatiii'es ol'molioii sickness 

2.  CJperntional  significance  of  motion  sickness 

2.  Aeliology  innl  neiiropliysiological  niechanisms 

4.  Physical  chiiraclerislics  of  provoenlive  niolioi, 

5.  Special  feanircs  of  all,  space,  sen  anil  siimilnlof  sickness 
fi.  Selection  anil  asscssnieiu  ofausccptihilily 

7  Prophylasis  mnl  nmimgeinent. 

'I'he  I  .ccliirc  .Scries  will  coniiinlc  with  a  UoiiikI  Tahle  Discussion. 

This  I  .ci.'liire  Senes,  sponsoreil  hy  tile  Aerospace  Meilical  Panel  of  y\(iAKI).  has  hecn  iinplcmcntcil  liy  the  Consnllanl  anil 
li.scliange  Programme, 


Abrege 


Dims  k's  o{KMiili()iis  iici'dvpiiliiik'.s,  Ic  mill  ik's  (Umspoits.  ct.cn  parlicnlici.  Ic  niiil  ilc  riiii.c<*n(intic  ii  puscnic.s  prohlcnic.s  pout 
Icscijuiptijicscl  Ics  pa.sMi^cr.s(c'c.siiulirclc,spiiracluiliNlcs).i|irils*anlsscilcniLs.sion.st»pciaiionndk‘.siuulcvoI.sil'oniritincmctit. 
I.c  nial  lie  .simulaiciir  peat  imiic  a  rdl’iciicitc  ilc  rctiiraincinciii  cii  Miiuiiaicur  ct  Ic  mu)  'Ic  IV-spaci.'  rciliiii  Ics  capacilcs  ilcs 
spinidiiiUMcs.  I.c  inal ilc  incrcsi  cyulctiicm  im ilimmiricil'ctiiilcaiTimicilicalilaus la  mcsiiicin. i) coticcmc Ic.s ci|uipagcs htisc.s a 
lie  luivircs  ct  lu  .suvivuhiliic  ilc.s  Jivinicursi'iinKcVuliraiix  amcnisMigcs. 

I.'olijct  principal  ilc  cc  cycle  ilc  coiil'cicnccs  cM  ilappoi'icr  iiiic  iiidc  mix  nicilcciiis  dc  l‘air  dans  raiiminislratlon  ilos  soin.s 
[uinij'ircs.  II  intcivs.scia  iriiuiics  pciMiniic-s  voulani  MhiciMr  unc  xynihcsc  dcs  dcniicrs  promvs  cnrcp.lslrc-s  ilaiis  Ic  ilniiiainc  ilc 
I'acliolfj^ic  cl  ill!  Irailcinciil  ilu  niiil  dcs  transports. 

l  .cs  siijcts  i|ui  -scroni  irailcs  lors  dcs  12  coiircrcnccs.soni  Ics.siiivaiii.s: 

1.  I.c.s aspects clinii|uc.s  dii  niul  dcs  ttitnspoiis 

2.  I  .'impact  opcraiionncl  du  mat  dcs  transports 

V  l.'aciiolo^ic cl  Ics mccani'ancs iictirophy.siulogii|uc.s 

•}.  I.cs ciii'aclcii.s(ii|uc.s  pliy.sii|iics  du  nunivcincnt  provocaiit 

S.  l-cs  pal  liciilaritc.s dcs  maux  ifc  I'ajl, ilc  respace  dc  iiicrcl  dc siimihitcur 

0.  1  .a  sclcctiiin  cl  revaluation  dc  la  stiscepilhiliic 

/.  I  .a  propliyla.xic  el  la  pcsiion 

l.in  (aide  loiide  sera  oipaniscc  cii  tin  dc  scancc. 

(’e  cycle  dc  cont'civnccs  est  pivscnlc  ifjtns  Ic  eadfc  du  propiiimtnc  dcs  Cnnsuluiiiis  ct  dcs  Ikhaniics.  sous  IV^idc  du  Panel 
A(  lAKD  dc  Medccinc  Acro.spaliale. 
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ABSTRACT 


The  cardinal  aigna  and  symptoms  of  motion  aickpess  are  malalBe,  pallor*  (and 
or/f lushing ) *  cold  sweating,  abdominal  discomfort*  changes  in  gastric  mobility*  and 
changas  in  levali  of  clroulabing  hormones*  Cardiovascular*  respiratory*  and  other  signs 
have  also  been  reported*  as  have  a  variety  of  other  eenaationa*  feelings  and  performance 
changes* 


It  is  reasonable  to  think  that  motion  sickness  is  basically  the  activation*  by 
motion*  of  a  poiaon-responso  mechanism. 

BASIC  NATURE 


In  eeeenca*  motion  elckness  la  the  activation*  by  motion,  of  a  polfton’*reaponBe 
nechanism*  This  is  obviousi  motion  gives  rises  to  vomiting* 

In  certain  motion  environments,  eomothing  that  must  be  called  ’'ptculiar'* 
happens*  Motion  alcknesa  occurs ■  Motion  sickness  will  be  described  hero,  and  the 
daecription  of  motion  sicknoae  will  be  baaed  on  the  aesumption  that  only  one  peculiar 
thing  happens t  a  poison  reaponae  is  provoked  by  motion*  Common  sense  suggests  that  two 
or  throe  peculiar  things  do  not  indopsndsntly  occur  at  the  same  time. 

There  are  two  currently^popular  theories  of  why  this  peculiar  thing  happens,  why 
motion  gives  rise  to  o  poison  response.  The  older  of  these  two  theories*  the  conflict 
thuury*  holds  that  In  motion  slokness  environments  the  poison  rseponso  occurs  because  of 
L  conflict.  In  a  notion  sickness  environment*  the  pattern  of  sensory  inputs  oonesrning 
orientation  and  motion  (veetibular*  visual*  and  proprioceptor  inputs)  in  in  conflict 
with  the  pattern  of  inputs  anticipated  on  the  basis  of  previous  experience  (6*17).  The 
conflict  somehow  gives  rise  to  vomiting.  The  theory  (unmodifiod)  dots  not  explain  why 
such  a  conflict  is  utterly  unable  (6,9*14,15)  to  provoke  vomiting  in  individuals  who  are 
lacking  the  vsstibular  apparatus  of  the  inner  ear.  The  theory  also  does  not  explain  why 
such  a  conflict  should  produce  vomiting  instead  of  deep  breathing*  discharge  from  the 
nose*  or  orgasm.  The  theory  would  apply  equally  well  if  the  conflict  r  oducad  one  of 
these  things  instead  of  vomiting* 

The  more  modern  theory*  that  of  Treisnmn  (25)*  incorporates  the  conflict  theory 
and  does  explain  why  vomiting  should  occur.  Trelstnan’s  theory  holds  that  ths 
conflicting  sensory  inputs  are  Interpreted  centrally  as  neurophysiological  dysfunction 
caused  by  poisoning*  Treiaman  postulated  that  the  brain  stem  mechanisms  of  orientation 
and  [notion  normally  perform  an  additional  function  as  well  as  malntenancs  of  bodily 
equilibrium,  stabilility  of  gase,  etci  the  additional  function  is  to  detect  and  respond 
to  certain  poisons.  In  motion  sickness  situations  the  conflict  in  sensory  inputs 
simulates  poisoning  in  those  neural  mechanisms* 

There  is  convincing  evidence  of  the  basic  validity  of  Treieman'e  theory.  It 
seems  clear  that  the  brain  stem  mechanisms  of  orientation  and  motion  do  in  fact  function 
also  to  detect  and  respond  to  certain  poisons.  The  experiment  showing  this  (13,14) 
found  that*  in  experimental  animals,  surgical  removal  of  the  vestibular  apparatus  of  the 
inner  ear  rendered  the  animals  defective  in  the  emetic  response  to  certain  poisons 
Injected  Intramuscularly.  This  is  positive  evidence  that  the  vestibular  system  ^ 
involved  in  poison  response*  The  surgery  encroached  only  on  the  ear  and*  of  course*  It 
aleo  rendered  ths  animals  completely  nonsueceptible  to  motion  sickness*  The  vestibular 
systom  is  involved  in  poison  response  in  circumstanoes  of  motion  sicKnesi  and  also  in 
circumstances  of  poisoning  with  certain  toxic  chemicals. 

Motion  sicknsBS  is  a  poison  response  provoked  by  motion.  It  le  a  poison  response 
provoked  by  motion  acting  (directly  or  indirectly)  on  the  ventlbular  system* 

SIGNS  AND  BYMPT0M8 


The  slgna  and  symptoms  of  motion  sickness  esn  be  considered  the  manifestations  of 
the  poison  response*  Although  Trelinuin  confined  hie  theory  of  motion  sickness  to  nausea 
and  vomiting  (25),  it  is  clear  that*  whenever  vomiting  is  provoked  by  motion,  other 
bodily  reaponses  are  also  provokad,  and  sometimee  these  other  responses  occur  and 
vomiting  dose  not  occur*  Sometimes  pallor*  cold  sweating,  and  malaise  occur  In  a  motion 
environment  and  vomiting  does  not.  Motion  sickness  is  a  poison  response  provoked  by 
motion*  not  just  vomiting* 

Motion  slcknsBS  Is  possibly  ths  purest  and  simplest  poison  rssponss  avsilable  for 
study,  because  it  can  be  produced  for  study  without  the  complicating  prenencs  of  a 
poison.  It  is  produced  by  a  motion  stimulus  that  meequerades  as  a  poison*  It  Is 
interesting  to  think  that  a  person  knovm  to  be  poisoned  (for  example*  by  apomorphlne) 


would  think  thnt  tho  poiaon  la  a  terrible  one  because  of  the  horrible  nausea,  pallor, 
cold  sweating,  vomiting#  etc:  but  the  reality  might  lie  that  the  dose  of  apornorphlna  had 
no  adverse  effect  on  the  body,  except  that  It  triggered  one  of  the  body's 
poison-reaponsG  meohanisms;  then  the  body  inflicted  all  those  miseries  on  itself.  A 
poison  that  causes  facial  pallor  might  not  do  so  by  a  direct  influence  on  the  blood 
vessels  of  tho  akin#  or  even  by  h  direct  influence  on  the  autonomic  nervous  system:  It 
could  do  so  by  activating  one  of  the  body's  poison~response  mechanisms,  and  that 
meohaniom  could  then  act  on  the  hypothalamic  canters  controlling  the  autonomic  nervous 
eytem  to  produce  the  facial  pallor.  In  motion  sickness  It  seems  that  when  tho 
poison-responeo  mechanism  is  activated  tho  body  then  inflicts  on  itself  a  variety  of 
signs  and  symptoms,  to  be  described  below. 

Motion  sickness  algna  and  symptoms  are  often  thought  of  as,  first,  naussa  and 
vomiting,  and  second,  all  the  "other"  ones.  However,  as  indicated  above,  it  will  be 
assumed  hers  that  only  one  peculiar  thing  happens  in  motion  sickness  environments t  a 
poison  response  is  provoked.  There  is  no  reason  to  think  that  anything  else  is 
happening,  and  ^11  the  signs  and  symptoms  will  bo  considered  to  bo  part  of  the  poison 
response.  The  sfgns  and  symptoms  of  motion  siokneas  will  therefore  be  olaasifiad  as, 
first,  those  associated  with  emptying  the  stomach,  and  second,  those  associated  with 
counteracting  or  surviving  tho  part  of  the  poison  detected  ( incorreutiy)  .in  the 
bloodstream. 

There  is  a  considerable  number  and  variety  of  signs  and  symptoms  that  differ  in 
different  individuals  (1,2,3,4,6,12,17).  However,  soiiio  signs  and  symptoms  appear  to 
occur  in  all,  or  almost  all,  ctaes  of  motion  sickness  in  humans,  and  only  these  signs 
and  symptema  will  be  listed  here. 

aiON.^  AND  SYMPTOMS  ASaOCIATMD  WITH  EMPfYING  THE  STOMACH 

Abdominal  awareness 

Abdominal  discomfort 

Nausea 

Motility  of  the  stomach 
Vomiting 

SIGNS  AND  SYMPTOMS  ASSOCIATED  WITH  COUNTEHACTINO  OH  SURVIVING  THE  POISON  IN  THE  HLOOD 

Malaise 

Sleepiness 

Headache* 

Pallor  (and/or  flushing) 

Cold  sweating 
Cardiovascular  changes 
Cndoorlnologloal  ehangae 

Abdominal  awareness,  abdominal  discomfort,  and  nausea  are  possibly  parts  of  a 
gradient  of  a  single  symptom  that  would  have  the  effect  of  preventing  the  further 
consumption  of  a  toxic  food.  They  would  also  tend  to  have  tho  effect  of  prevontlng  the 
consumption  of  that  food  again  on  future  ocoatdons  (25).  They  are  possibly  the 
conscious  reflection  of  unusual  activity  in  tho  central  emotlc  mechanisms  (6,12). 

Motility  and  tonus  of  the  stomach  decrease  with  »notion  sickness  in  most  huiium 
BUb-jocta  (7,1?).  Gastric  (and  intestinal)  motility  has  bosn  obssrved  in  motion  sicknsss 
in  humans  by  listening  to  the  gut  sounds  with  stothescopes  ami  microphones  (24):  the 
sounds  diminish,  usually  to  silence,  with  motion  sickness  in  spaceflight.  X-ray  studies 
oC  the  gut  before  and  after  exposure  to  naueeogenic  motion  (16)  also  reveal  dsernased 
motility  with  nausea  in  most  subjects.  Balloons  have  been  placsd  in  ths  stomachs  of 
humans  subjected  to  motion  sickness  (3,Y,26)?  overall,  docreassa  of  tonus  and  motility 
predomln.nte,  but  some  prominent  exceptions  are  reported  <3).  In  one  subject  with  a 
rrastrlc  fistula,  direct  visualisation  of  the  stomach  during  naussa  was  possible,  and 
thia  subject  together  with  three  normal  subjects  with  gastric  balloons  was  exposed  to 
vestibular  and  other  nauseogenic  stimuli:  "nausea  occurred  only  during  gastric 
relaxation  and  hypomotility "  (26). 

The  electrical  activity  of  the  gut  has  also  been  studied  during  motion  sickness 

(6.19.20)  using  electrodes  attached  to  ths  skin  over  the  stomach.  The  electrical 
activity  recorded  in  this  way  is  called  ths  sisetrogastrogrum  or  BOO.  The  BOO  changes 
with  motion  sickness:  the  chan  ..e  is  typically  a  decreased  magnitude  of  the  BOO  voltage 

(6.20)  and  an  increase  in  ths  basic  electrical  rhythm  from  the  normal  3  cycles  per 
minute  to  5-7  cycleu  per  minute  (19,30).  This  increase  of  ths  basic  slectrical  rhythm 
of  the  EGO,  although  it  is  called  tachygasir la.  Is  in  fact  associated  with  gastric 
stasis,  decreased  gastric  motility  (20,23).  so  that  ths  increased  EGO  frequency  in 
consistent  with  ths  decreased  gastric  motility  obssrved  with  microphones,  balloons,  and 
x-rays.  Ths  deersassd  amplitude  of  ths  EGG  is  slso  associated  with  dsorsased  motility. 

The  EGG  is  an  index  of  interest  in  studies  of  motion  sickness:  it  is  an  index  of 
eomsthing  underlying  motility.  There  is  no  simple  relationship  between  recorded  EQG> 
values  and,  for  example,  recordings  (in  dogs)  from  fores  tranduesrs  fixed  to  the  gastric 
Borosa  (IB).  Ths  basic  electrical  rhythm  of  ths  EGO  reflects  "pacesetter  potentials  of 
the  stomach,  but  not  gastric  contractions"  (20),  However,  when  gastric  contractions  do 
occur  they  urw  time-locked  to  ths  LUG.  At  uhe  higher  basic  BOO  rhyltuns,  contractlcns 


tend  not  to  occur  at  all.  Mso,  "tha  amplitude  of  the  KOG  increases  when  a  contraction 
occurs'*  (20).  In  motion  sickness*  both  the  increased  frequency  of  the  basic  electrical 
rhythm  of  the  EGG  and  the  decreased  RQG  amplitude  indicate  decreased  gastric  motility. 

It  is  possible  that  the  decrease  in  gastric  motility  would  have  survival  value  in 
someone  who  had  ingested  a  poison i  it  would  tend  to  keep  the  poison  in  the  stomach* 
where  absorption  might  be  slower  and  where  vomiting  could  remove  it. 

Vomiting  removes  the  poison  (thet  is  not  there)  from  the  stomach.  The  physiology 
of  vomiting  has  been  recently  reviewed  (^}. 

It  is  not  clear  how  (or  whether)  malaise,  sleepiness,  and  headache  would  Improve 
the  chances  of  surviving  poisoning,  but  they  would  tend  to  oncourags  the  paisoned 
individual  to  lie  down. 

The  pallor,  the  cold  sweating,  the  cardiovaacular  changes,  and  the 
endocrinological  changes  of  motion  sickness  can  all  be  seen  aa  parts  of  a  general  stress 
response  that  includes  an  overall  activation  of  the  sympathetic  nervous  system  (SNS). 

The  stresB  respons©  (it  is  assumed)  enhances  the  chances  of  surviving  poisoning,  and  it 
occurs  in  ths  absence  of  any  stress  on  the  body,  for  the  same  reason  that  vomiting 
occurs  without  any  poison  in  the  stomach i  a  poison- responsa  mochuniam  has  bean 
activated.  It  should  be  noted  that  moat  motion  sicRnsaa  environments  do  not  stross  the 
body;  babies  sleep  in  these  environments.  Only  if  the  poison  rosponse  is  provoked  does 
the  stress  response  appear  (in  the  absence  of  stress). 

It  Is  unlikely  that  pharmaceuticals  selected  to  counteract  the  autonomic  signs  of 
motion  sickness  would  bo  satis  factory ,  boeausc  no  one  suffering  from  motion  sickness 
cares  about  the  autonomic  slgnsr  only  pliaranmceutlculs  that  counteract  the  nausea  .and 
\>otnlting  are  relevant  to  the  sufferer's  dealies. 


Pallor  is  a  roault  of  vasoconstriction  in  tho  akin,  probably  in  ronponso  to  .in 
increase  In  tha  5NS  activity  to  the  blood  vesaela  of  the  skin  (6),  and  it  is  a  sign  of 
iiKjtion  slcknoaa  that  is  almost  invariably  (3)  seen  bsfore  vomiting.  It  has  been  found 
recently,  however,  that  in  some  indivlduala  there  is  flushing  as  part  of  the  skin's 
reaction  in  motion  nlcknesa  (IL).  Sweating  (eocriiut  sweating)  almilarly  rosutts  from  an 
increase  in  activity  in  t)ie  bNS  supply  to  tho  sweat  glands,  although  tho  postganglionic 
SNS  supply  to  the  uwoat  glands  in  chollnorglc  (6).  The  e.u-d,lovArtoiilar  ulinngee  of  motion 
aicKnass  aro  also  conslstont  with  an  ovurail  activation  of  tho  bNai  the  pulse  rats 
inersasea  alightly  (2,3)  and  the  blood  flow  to  skeletal  musclu  increanos  (21). 

The  endocrinologioal  changes  wltlt  motion  sicknotis  .lUio  rusumblu  a  stress 
response.  Hecent  studios  have  found  that  humans  in  motion  siuKnunu  have  inciaanud 
circulating  levels  of  AVP,  ACTK.  KPI,  NE,  OH,  and  PUL  (5,0,10,32).  AVI?  means 
antidiurstlci  htitmone,  AC'i'U  mesne  adrem.jcortluoti ophlo  horraono,  Ki't  monns  oplnophrln,  NE 
means  noradrenalln,  OW  means  growth  hormone,  and  PUL  inuana  prolactin. 

Although  tlilu  particular  collection  of' autonomic  and  oiidocrliiologlcal  rusiionnun 
is  typical  of  a  strees  reuponso,  it  Is  not  clear  exactly  how  it  v^ou  Ul  Improve  tliu 
ohanoeri  of  surviving  u  poison.  Perhapa  thlu  would  he  clear  If  It  wuru  known  what  poison 
tho  body  thinks  lb  has  ingoubod  in  motion  sickness;  or  purhapu  tha  ruepuneo  is 
appropriate  for  euvoeal,  or  even  most#  poisons. 

To  the  extent  that  motion  slckjtou.;  is  n-'Usen  i^nd  vtimi  »•  i  ng ,  the  nihnn  .md 

symptoms  arc  pocullar  op i phenomena,  but  If  it  is  assumed  that  only  one  peculiar  thing 
happens  In  ntotion  alokhusa  (a  poison  roaponse  ie  provoked  by  unnatural  motion),  then  fUl 
tho  signs  and  symptoms  must  be  part  of  that  poison  rebponuo.  If  tho  autouomlc  uffoctM 
wore  pocullar  opiphonoraonu,  it  would  bo  difficult  to  understand  how  thf?lr  man ipu l.'it ion 
by  cortical  control,  using  autogenic  feedback,  could  ii.fluunco  tho  nausua  and  vomitlnqj 
It  would  bo  like  pushing  on  a  atrlnr.  However,  if  the  autonomic  effects  aro  part  of  a 
poison  response  it  Is  iminodlatuly  uudorstandsblo  that  a  cortical  input  to  tho  autonomic 
effectors  could  take  a  route  (for  examplo)  through  the  )x>i8on'*rusponHu  mechanism  ar\d 
affect  also  other  parts  of  the  poison  response,  such  nu  nausea  .*ind  vomltitig.  Autogenic 
feudback  training  does,  of  courss,  influence  nausea  and  vomiting,  but  how  it  docs  so  is 
perhaps  easier  to  understand  if  It  is  nasumod  that  all  signs  and  aymptoms  of  motion 
sickness  are  part  of  a  poison  response. 

If  cortical  input  to  ths  autonomic  effsetors  of  motion  oicknoss  can  exert  n 
desired  Influsnco  on  ths  nausea  and  vomiting,  then  perhaps  (with  training)  a  cortloiL 
infliisnco  on  the/  sleapinssa  und  malaise  might  be  beneficial  also;  the  cortex  might 
convince  Itoolf  kby  way  of  tho  poieon-rosponse  tneohaniam)  that  It  feels  fine,  that.  It  La 
in  excel  Lent  health,  and  that  It  Is  wide  awake;  in  doing  do  it  might  attenuate  the 
nausea  and  vomiting. 
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INTRODUCTION 


The  mechanisms  of  motion  sickness  fall  under  three  component  topics,  which  separately 
involve  distinctive  subject  matters  and  together  challenge  the  entire  scope  of  neuroscience  disciplines. 
The  components  are:  1)  Tlie  process  involved  in  the  sensorimotor  and  perceptual-motor  adjustment  to 
the  sustained  experience  of  unusual  motion.  2)  The  ncurochemical  link  whereby  the  ncurochemical 
processes  and  byproducts  of  .sen.sorimotor  adjustment  accumulate  to  a  threshold  level  that  when 
exceeded  elicits  the  sickness  syndrome.  3)  The  sickness  syndrome,  which  includes  emesis  and  all  of 
the  autonomic  and  psychological  accompaniments  that  degrade  performance. 


Figure  I.  Motion  sickness  involves  three  component  topics. 


The  three  components,  though  di.slinctive,  arc  interactive.  Emesis  often  gives  relief  so  that 
unusual  motion  can  again  be  tolerated,  at  least  fora  while,  but  the  malaise  associated  with  the  sickness 
syndrome  may  reduce  willingtiess  to  remain  in  the  motion  environment  long  enough  to  achieve 
adaptation.  A  quick  summary  of  where  we  stand  today  is  that  much  remains  to  be  understood  under 
each  of  these  topics  but  fortunately  for  the  newcomer  to  Uiis  Held,  excellent  reviews  and  overviews  arc 
available  (Crampton  1990,  Benson  198Hb.  Davis  ct  al..  1986,  Graybiel  1969,  Money  1970,  Reason 
and  Brand  1975,  Tyler  and  Bard  1949). 


OVERVIEW 


.A  verbal  picture  by  Crampton  (Carr  and  Fi,sher  1973)  .several  years  ago,  presented  here  us 
Figure  2,  provides  an  overview  of  the  mechanisms  of  nsotion  sickness.  An  hcmunculus,  who 
reportedly  lives  in  the  cerebellum,  has  the  job  to  receive  messages  from  the  motion  sensors,  the 
vestibulim  nuclei  and  higher  levels,  and  to  operate  a  switchboard  appropriately  to  initiate  fast  automatic 
.sequences  of  motor  reactions  that  will  improve  the  quality  of  motion  control.  For  voluntary  motion, 
he  receives  advance  information  concerning  the  goal  of  the  movement  and  he  also  is  aware  of  the  state 
of  the  muscles,  in  advance.  When  messages  from  motion  .sensors  are  either  in  conflict  with  one 
another  or  occur  in  an  unfamiliar  pattern,  the  homunculus  is  confused  and  with  confusion  of  sufficient 
length  or  intensity,  he  will  sweat  or  vomit  and  contaminate  the  cerebro- spinal  estuary  so  much  that 
chemical  sensors  on  the  floor  of  the  fourth  ventricle  signal  the  environmentai  protection  agency  to 
commence  disposal  actions. 


1 


l•'iKurl‘ 


2.  A  carliH'ii  illiislralin;’  ihc 
niechaiiisins  of  motion  sickness. 
Above  the  homtinetilus  are  the 
sensory  motor  mechanisms 
involved  in  motion  sickness 
while  below  is  the  neuro 
chemical  link  to  the  vomiting 
center.  The  pump  represents  the 
'all  or  none'  vomiting  reflex 
which  is  part  of  the  complex 
sickness  syndrome.  Recently,  the 
locus  of  Chemoreceptor  concept 
and  the  concept  of  a  single 
vomiting  center  have  been 
challenged. 


SENSORY  SYSTEMS  INVOLVED  MOTION  SICKNESS 


The  sensory-motor  systems  involved  in  motion  sickness  ttfe  those  thiit  detect  motion  reltitive  to 
the  earth  and,  by  their  central  neural  processes,  generate  motor  responses  that  serve  to  maintain 
balance,  to  stabilize  vision  through  wulomotor  control  and  in  general  serve  to  improve  the  qtitility  of 
the  control  of  motion  relative  to  the  earth.  The  vestibular  system,  the  visual  system,  and  the 
proprioceptor  system  (the  pressure  sensing  properties  of  the  skin  and  the  sensory  processes  of  the 
muscles  and  joints)  are  the  principal  systems, 

Of  these,  only  the  vestibular  system  is  exclusively  dedicated  to:  1)  detecting  motion  of  the 
head  and  body  relative  to  the  earth,  and  2)  generating  rcllexivc  motor  activity  tlutt  improves  motion 
control  while  motion  is  in  progress.  The  vestibular  system  is  more  like  a  sen.sorimotor  sy.stem  than  a 
sitnple  .sensory  detector.  Vision,  audition,  olfaction  and  touch  often  .serve  to  locate  and  detect  motion 
of  objects  relative  to  the  Irody.  The  vestibular  system  does  not  detect  objects  in  the  environtnent  but 
rather  serves  to  provide  3-dimensionul  eartli-referencc  to  vistial  titid  tiuditory  images  of  objects,  slopes 
and  paths  as  the  head  changes  orientation  relative  to  the  environment.  ITom  this  perspective,  sensory 
messages  from  muscles  and  Joints  and  tactile  information  from  weight-bearing  surfaces  are  allied  to 
the  vestibular  system  in  the  business  of  controlling  motion  relative  to  the  earth  and  in  delecting  the 
direction  of  gravity  in  order  to  maintain  balance  and  coitOr)!  motion  relative  to  the  earth. 

A  cornerstone  fact  in  the  pre.scnt  fund  of  knowledge  on  motion  sickness  is  that  a  functional 
vestibular  system  is  necessary  for  the  occurrence  of  motion  sickness.  Efforts  to  evoke  motion 
.sickness  in  man  and  animals  deprived  of  vestibular  function,  have  consistently  failed  (James  lHh2, 
Kennedy  et  al..  1968,  Reason  and  Brand  197.5,  p.86,  .Sjoberg  1929,  Vang  and  C'hinn  1956),  Eve;i 
partial  de.struction  of  different  vestibular  endorgans  confers  a  degree  of  immunity,  at  least  until  central 
compensation  for  the  partial  peripheral  loss  has  occurred  (Igarashi,  1990).  Because  of  its  central  role 
in  motioit  sickness,  understanding  of  the  vestibular  system  is  necessary  to  the  appreciation  of  the 
stimuli  that  initiate  motion  .sickness. 


THE  VESTIBULAR  SYSTEM 


It  is  beyond  the  scope  of  this  chapter  to  provide  a  detaileil  de.scription  of  the  vestibular  system 
which  has  'ocett  done  many  times  before  (Wilson  and  M.  Jones,  1979),  but  an  overview  of  some 
principal  characteristics  is  necessary  for  discussion  of  the  mechanisms  of  motion  sickness.  Figure  3 
provides  a  summary  overview  of  vestibular  connections  to  the  systems  iitvolved  in  motion  sickness. 

The  vestibular  scn.sory  endorgans  consist  of  two  kinds  of  sensors:  the  semicircular  canals  that 
detect  angular  acceleration  of  the  head  and  the  otolithic  inenibruncs  that  detect  lilt  relative  to  gravity. 
These  two  .sets  of  acceleration  detectors  arc  located  in  lluid-filled  tubes  and  sacs  that  are  firmly 
attached  to  and  encased  in  a  labyrinthine  cavity  in  the  petrous  portion  of  the  temporal  bone  of  each  ettf. 
The  receptors  in  either  ear  arc  capable  of  detecting  and  setting  off  reactions  to  all  of  the  directions  of 
angular  and  linear  motion  that  are  noniialiy  detected  by  boih  ear.s. 


SEMICIRCULAR  CANALS 


The  semicircular  canals  delect  angular  acceleration  and  are  not  ul'fcctcd  by  iincar  acceleration  or 
by  different  orientations  relative  to  gravity.  The  semicircular  canals  respond  In  exactly  the  same  way 
irrespective  of  whether  they  are  at  the  center  of  rotation  or  at  some  radial  distance  from  the  center  of 
rotation. 

A  simplified  diagram  of  the  structure  of  these  receptors  within  one  ear  is  shown  in  Figure  4. 
Tlic  planes  of  the  semicircular  canals  lie  approximately  at  right  angles  to  one  another.  Each  canal  is 
filled  with  a  fluid,  endolyniph,  which,  by  virtue  of  its  inertia,  is  displaced  slightly  relative  i  >  tube 
wails  whenever  the  head  experiences  an  angular  acceleration  in  the  plane  of  that  canal.  Displacement 
of  the  endolymph  deflects  the  cupula,  a  structure  which  behaves  like  a  dumped  drum  because  it  seals 
an  expanded  portion  of  each  canal,  the  ampulla.  The  amount  by  which  the  cupula  is  deflected  is 
communicated  to  the  vestibular  receiving  areas  of  the  brain  by  sensory  hair  cells  lying  at  its  base 
because  hairs  from  these  cel's  extend  upwtmd  into  the  gelatinous  cupula. 

As  well  as  conveying  information  about  the  rate  at  which  the  head  is  being  turned,  the,se 
signals  also  generate  reflex  eye-movements,  whose  primary  function  is  to  maintain  stable  retinal 
images  of  the  visual  world.  Though  stimulated  by  angular  acceleration,  the  dynamics  of  the  cupula- 
endolymph  system  are  such  that  the  sen.sory  signal  from  semicircular  canal  afferents  is  proportional  to 
angular  velocity  of  the  head.  'I’he  seinicirculiu-  canals  thus  act  as  angultu"  speedometers  capable  of 
.sensing  angular  velocity  in  any  direction  as  the  head  is  rotated,  when  the  frequency  of  head  angular 
velocity  approximates  fraiuencies  of  natural  voluniiiry  movement. 


OTOLITH  0R(;AN.S 


The  otolithic  membtune.s,  in  the  utricle  and  the  .saccule,  function  like  density-difference  linear 
accelerometers.  Tlie  specific  gravity  of  the  calcite  crystals  in  the  utricular  and  .saccular  membranes  is 
much  greater  than  that  of  the  surrounding  gelatinous  and  fluid  medium.  Wlicn  tlie  head  tilts  to  the 
right,  the  utricidar  membrane  slides  right  due  to  the  weight  of  titc  embedded  crystals  tliercby  bending 
cilia  of  underlying  hair  cells.  The  pattern  of  cilia  deflection  signifies  riglitward  tilt  of  the  head.  A 
different  pattern  of  haircell  activation  would  signify  different  direction.s  of  head  tilt. 

A  primary  function  of  the  otolithic  sy.stem  is  to  indicate  the  orientation  (tilt)  of  the  head  (and 
body)  relative  to  gravity.  Notice  liowevcr  that  if  the  head  and  Ixxiy  were  accelcmcd  linearly  to  the 
left,  the  utricular  otolith  membrane  would  again  slide  toward  the  right  cttr,  even  through  the  head 
remains  upright  relative  to  gravity.  The  otolith  system  can  resiwnd  in  the  same  way  for  lilting  of  the 
head  or  for  a  horizontal  linear  acceleration  so  iliai  it  docs  not  always  signify  lilt  of  the  licad  (and  body) 
relative  to  gravity.  Recordings  from  different  otolith  primary  uffcrcnis  show  that  some  units  respond 
maximally  for  particuliu'  tilt  directions  tmd  angles  whereas  others  appear  to  be  influenced  by  inovement 
ratlier  than  position  of  the  otolitliic  membrane  (Fernandez  tuid  Goldberg,  1976). 

When  horizontal  linear  accelerations  are  sustained  (as  can  be  done  by  maintaining  fixed  head 
position  relative  to  a  constant  centripcml  acceleration  vector  on  a  centrifuge)  tilt  is  perceived  us  would 
be  expected  by  the  "steady-state"  displacement  of  the  otolithic  membranes.  Bui  when  the  linear 
acceleration  is  brief  and  changing,  then  the  person  perceives  linear  movement.  Movement-sensitive 
otolitliic  afferents  may  provide  infonnation  on  the  linear  velocity  of  movement  during  changing  linear 
accelerations  if  the  frequency  characteristics  of  the  change  yield  continual  movement  rather  than 
"steady  state"  displacements  of  the  otolithic  membrane.  However,  how  would  the  vestibular  system 
immediately  discriminate  horizontal  lineiu"  oscillation  of  the  head  from  rapid  to  and  fro  tilts  of  the  head 
when  both  would  involve  continual  movement  of  the  otolithic  membrane?  Here  the  absence  of 
semicircular  canal  angular  velocity  signals  coupled  with  the  pre.sence  of  otolith  signals  could 
discriminate  linear  movement  from  dynamic  till;  dynamic  tilling  produces  both  semicircular  canal 
signals  and  otolith  signals. 


I'unctioiially,  the  seinicireului  catials  tell  the  brain  alxiut  the  mit  of  rotation  of  the  head  relative 
to  the  earth  when  head  movements  approximate  the  temporal  (frequency)  cliiiraclcristies  of  natural 
liead  motions.  At  tnuch  lower  fretiueney  of  ain>ular  oscillation,  the  canal  signal  can  be  considerably 
phase  displaced  relative  to  the  head  velocity  so  that  a  turning  motion  may  be  perceived  tis  stopiwl  tuid 
even  reversed  in  direction  before  the  head  movement  actually  stops.  The  canals  locate  the  axis  (or 
plane)  oi  turn  relative  to  the  head  but  they  do  not  provide  information  on  how  that  plane  of  head 
rotation  is  oriented  relative  to  the  earth.  Tor  example,  when  the  head  is  turned  from  leftward  gaze  to 
rightward  gaze,  the  horizontal  canals  provide  rate  of  turn  inrormtition  throughout  the  turn  and  the  bruin 
can  integrate  the  velocity  infomiation  to  know  how  far  the  head  has  turned  (Bloomlxsrg  sjUll.,  199 1 , 
Guedry  1974).  The  predominant  horizontal  canal  signal  indicates  that  the  head  turn  is  in  the  yaw 
plane  of  the  head.  If  the  gaze  is  change  .  by  movement  of  the  head  and  eyes  from  exueme  upward 
gaze  to  downward  gaze  towanl  the  feet,  the  vertical  canals  indicate  the  rate  of  head  turn  throughout  the 
turn  and  the  velocity  information  can  be  integrated  by  the  brain  so  that  the  angular  extent  of  the  pitch 
plane  movement  is  known  (Guedry  sjUJ  ,  1971 ).  Hut  the  plane  of  rotation  relative  to  the  earth  is  not 
known  from  the  canal  information;  sensory  information  from  the  canals  would  be  the  sanie 
irrespective  ol  whether  the  person  were  standing  upright,  lying  on  the  side,  or  supine  or  prone. 
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Figure  4.  Orientation  of  the  semicircular  canals  and  otolith  organs  (utricle  and  saccule).  Inset 
figures  illuscrato  planes  of  the  semicircular  canals  and  also  the  x,  y,  and  z  head  axes  (cf 
Hixson,  et  al..  1966).  Mexiified  from  Correia  and  Guedry  (197S). 


'I'he  otolith-bearing  sensors  provide  inibnnation  that  locates  the  plane  of  the  movement  of  the 
head  relative  to  the  earth  while  the  canals  provide  angular  rate  information  Ihrougliout  the  movement. 
Whenever  pitch  (or  roll)  head  movements  arc  made  while  the  person  is  standing  or  walking  in  nomial 
upright  posture,  the  otolithic  system  protltices  a  sequence  of  angular  position  signals  (relative  to 
gravity)  that  match  the  integrated  velocity  infonnation  from  the  canals.  During  pitch  forward  head 
movement  from  upright  posture,  if  at  some  point  the  otolithic  sensors  indicate  pitch-forward  head 
position  of  30  degrees  relative  to  gravity,  the  integrated  rate  information  from  the  canals  indictites  30 
degree  displacement  from  start  position  and  gaze  can  be  redirected  biick  to  start  position  if  the  person 
so  chooses,  even  in  the  dark  (Bloomberg  1991,  Guedry  et  al..  1971). 


Effective  V.S.  Aberrant  Interaction.s 


Assume  now  that,  through  biochemical  intervention  or  an  inflammatory  process,  the  gain  of 
semicircular  afference  is  increased  to  twice  the  usual  signal.  At  the  end  of  a  30  degree  head  pitch 
forward  from  upright,  the  otolithic  sensors  would  signal  a  30  degree  pitch  forward  position  but 
integrated  semicircular  canal  infonnation  would  indicate  60  degree  angular  displacement  from  start 
position.  Gaze  control  would  be  problematic,  to  say  the  least.  Moreover  during  the  head  movement 
the  rate  of  head  movement  experienced  wotild  be  much  loo  great  for  the  angular  positions  being 
achieved.  Interestingly,  exactly  this  kind  of  canal/otolith  neural  mismatch  i.s  produced  during  a  simple 
centrifuge  run  (Guedry  and  Oman  1990)  and  subjects  are  confused,  disturbed  and  deplore  cenuifuge 
training  becau.se  of  the  repugnant  experience  (Guediy  and  Rupert  1991/a). 

If  this  hyperactive  canal  condition  were  to  continue  during  daily  activities,  the  brain  could 
impose  a  reduction  in  gain  of  vertical  canal  neural  inllow  at  some  level  before  the  perceptual-motor 
reactions  arc  generated,  returning  motion  control  toward  a  state  of  normalcy  but  the  neursl-mismatch 
would  induce  motion  sickness  during  the  adaptive  process  and  then  again  when  the  adapted  individual 
returns  to  his  normal  environment. 


Whereas  all  head  movements  made  from  upright  posture  involve  a  tight  eoupling  between 
otolith  information  and  vertical  canal  information,  many  yaw  he'id  movements  made  from  upright 
posture  involve  very  little  angular  position  change  relative  to  gravity.  However,  the  axis  of  head  turn 
is  also  frequently  inclined  relative  to  gravity  during  yaw  head  turns  (evt.’n  during  upright  posture)  and 
so  the  CNS,  which  is  adapted  for  tight  canal/ololith  coupling  for  the  vertical  canals,  may  be  adapted 
for  more  vtuied  interactions  from  the  horizontal  canals,  'rhis  may  explain  differing  sickness  incidence 
observed  for  vertical  and  horizontal  canal  stimulation  on  earth  (tienson  and  Giiedry  1971,  Guedry  jg 
al„  1 990)  and  during  micro- gravity  missions  (Lackner  and  Grayblcl  1984). 

Assume  now  that  two  pitch  head  movements  arc  made  through  90  degrees  from  upright 
posture  and  that  the  two  movements  arc  identical  in  total  angular  displacctncnt  and  in  the  angular 
velocity  profile  during  the  movements.  Hut  one  is  made  by  bending  at  the  neck  while  the  other  is 
made  by  bending  from  the  hip,s.  Semicircular  canal  information  would  be  identical  but  otolith 
information  would  be  different.  Initial  and  final  pitch  positions  indicated  by  the  otolithic  receptors 
would  be  the  same  but  transitional  infonnulion  would  be  different.  Tangential  acceleration  of  the  head 
(in  one  direction  during  starting  and  in  opposite  direction  during  stopping)  reache.s  much  higiier 
magnitudes  during  the  trunk  movement.  Tiie  head  traverses  a  greater  path.  Backv,'ard  displacement 
of  the  utricular  otolith  by  tangential  acceleration  at  the  beginning  of  the  trunk  movement  soon  gives 
way  to  forward  displacement  as  gravity  components  increa.se  in  the  utricular  sticar  plane.  The  more 
rapid  movement  of  the  utricular  otolith  membrane  during  trunk  movement  may  rcncxively  innucnce 
the  differing  mu-scle  actions  icquired  in  stopping  the  two  movements.  Such  liead  movements  initiated 
voluntarily  are  substuniially  influenced  by  feed-forward  preprogrammed  mechanism.s  but  if  the  gain  of 
the  otolith  velocity  information  were  to  be  altered  .so  as  to  be  discrepant  with  the  preprogrammed 
message,  then  the  movement  might  be  less  well-controlled  and  accompanied  by  a  report  of  dizziness 
and  confu.sion.  Head  movements  made  in  hyper-G  environments  yield  both  transient  (Gilson  et  al. . 
1973,  Guedry  and  Rupert  199 1/b)  and  steady-.state  (Correia  et  al..  1968)  effects  that  are  disorienting 
and  the  transient  effects  are  confusing  and  nauseogenic,  Head  movements  made  in  the  Hyper-G 
environment  that  occurs  during  the  reentry  profile  of  space  shuttle  following  udaptiition  to  the  Hypo-0 
orbitiil  environment- these  head  movements  are  likely  to  produce  ttaiusieiu  di.sorienting  effects, 

Canal/oloIlth  interactions  range  from  those  that  arc  clearly  functiontilly  effective,  to  many  that 
may  constitute  either  coiifiict  or  functionally  effective  Interactions  (advance  in  vestibular  neui  oscience 
is  needed  to  decide),  to  those,  such  u.s  the  cross-coupled  angular  velocities,  llitit  are  unmistakably 
sensory  tni.smatchcs. 

Interestingly,  the  clear  cunal/otolith  conflict  from  cross-coupled  angular  velocities  can  be 
resolved  into  benign  concordant  stimuli  by  subtle  changes  in  accompiiiiying  stimuli,  The  "Coriolis 
cro.s.s-coupled"  stimulus  is  produced  by  tilting  the  head  during  sustained  whole-body  rotation,  'I’his 
stimulus  has  played  u  major  role  in  popularizing  sensory  conflict  as  a  source  of  motion  sickenss.  For 
example,  if  the  head  is  tilted  forward  during  sustained  clockwi.se  whole-body  rotation  at  15  rpm,  the 
semicircular  cumils  immediately  .signal  a  roll-right  head  velocity  due  to  cross-coupled  angular 
velocities  (Guedry  and  Benson  1978,  Guedry  1974,  Guedry  1970).  At  this  instant  otolith  afferents 
signal  a  pitch-forw,:trd  head  position  change,  a  clear  mismatch  with  the  roll-right  angular  velocity 
infoniiation  from  semicircular  canals.  The  brain  has  been  tasked  to  set-off  oculotnotor  and  other 
postural  reflexes  to  compensate  for  motion  in  two  different  directions  simultaneously.  Perceived 
orientation-change  is  paradoxical,  confusing  and  unplea.sant. 

The  subtlety  of  canal/otolith  interactions  is  nicely  illusiraied  by  the  fact  iliat  this  extreme 
di.soriemation-stress  reaction  gives  way  to  an  accurate  and  benign  motion  perception  if  the  head 
movement  is  made  during  the  angular  accelei  ation  of  the  rotator  (or  immediately  after  1 5  rpm  angular 
velocity  is  attained).  The  accurate  perception  is  explained  by  simple  physics.  During  angular 
acceleration,  the  horizontal  canals  sen.se  angular  velocity  in  the  yaw-axis  head  plane.  I'hus  the  brain 
has  an  accurate  yaw-axis  angular  mc.ssape  when  the  head  pitch  is  initiated,  When  the  head  is  pitched 
forward,  cross-coupled  angular  velocities  produce  a  roll-axis  velocity  signal  to  the  vertical  canals 
which  combines  with  the  already  present  yaw  axis  signal  to  yield  a  vector  that  remains  perfectly 
aligned  with  gravity  (Guedry  and  Benson  1978).  Thus  the  canal/otolith  mismatch  is  avoided,  the 
VOR  is  appropriate  in  piane  to  compensate  for  the  plane  of  head  motion  relative  to  the  earth  and  the 
motion  perceived  is  essentially  accurate,  not  confusing  or  disturbing.  When  the  head-tilt  is  delayed 
until  the  yaw-axis  canal  signal  has  dissipated,  then  the  highly  disturbing  canal/otoli'h  conflict  is  fully 
appreciated.  The  immediate  after-effects  of  optokinetic  stimulation  can  also  be  used  to  cancel  the 
conflict  (Guedry,  1978)  because  visual  motion  can  simulate,  in  the  vestibular  nuclei,  horizontal  canal 
(yaw-axis)  stimulation  (Waespe  and  Hcnn  1977, 1978). 


Interactions  between  the  canals  and  otolith  systems  that  have  common  (everyday)  functional 
value  is  a  topic  that  has  been  relatively  neglected  by  vestibular  neuroscientists  and  it  is  critical  to  any 
motion  sickness  theory  that  rests  on  the  presumption  that  sensory  contlict  is  important  to  the 
provocation  of  motion  sickness.  FortunaU'-ly  interest  in  this  topic  is  developing  (Benson  1974, 
Curthoys  et  al.  1991,Gresty  et  al,.  1991,  Guedry  1991/c,  Paige  and  Tomko  1989,  Raphun  and 
Cohen  1986,  RaphansLal',  1979). 

Whereas  the  semicircular  canals  react  identically  to  angular  acceleration,  ,  irrespective  of  their 
distance,  r,  from  the  center  of  rotation,  the  otolithic  receptors,  which  ore  not  resppnsive  to  angular 
acceleration,  per  se,  are  nevertheless  stimulated  during  angular  accelerations  whenever  the  head  is 
displaced  from  the  center  of  rotation  because  rotation  at  a  radius  yields  tangential  linear  acceleration. 
For  example,  with  the  head  fixed  in  forward-facing  tangential  heading,  but  displaced  radially  from 
rotation  center,  angular  acceleration,  yields  tangential  acceleration,  r.  With  continued  angular 
acceleration  another  vector,  (2%,  that  was  negligible  initially,  increases  rapidly  as  angular  velocity,  £2, 
increases. 

These  two  vectors  are  at  right  angles  to  one  another  and  with  the  head  positioned  as  shown  in 
Figure  4,  they  would  lie  approximately  in  the  utricular  plane.  During  angular  acceleration,  the 
resultant  of  these  two  vectors  is  a  vector  that  rotates  in  the  utricular  plane.  Here  we  arc  not  really 
ignoring  gravity,  as  it  might  seem,  but  we  are  attending  to  that  component  of  the  total  linear 
acceleration  (gravity,  tungemiul  and  centripetal  components)  that  acts  in  the  mcun  "shear  plane"  of  the 
utricular  otolimlc  membrane. 

This  resultant  vector  rotates  in  the  shear  plane  during  the  course  of  the  unguliu'  acceleration  in  a 
counterclockwise  direction,  depleted  in  Figure  S,  while  the  semicircular  canals  signal  (in  this  example) 
counterclockwise  rotation  of  the  head.  During  deceleration  of  the  head  the  resultant  vector  rotates  In 
the  utricular  shear-plane  in  the  same  direction  as  during  the  acceleration  but  now  the  semicircular 
canals.  Indicate  rotation  in  opposite  direction.  Whether  or  not  thc.se  different  cunal-otollth  inlcractioius 
have  functional  utility  In  natural  tnovement  Is  not  known  but  percuptual  effects  on  centrifuge  runs 
sugge.sts  that  such  differences  in  canal/otolith  Interactions  may  serve  to  differentiute  tiiming-at-a-radius 
from  turning  about  a  body-axis  (Guedry,  1991/c).  This  interpretation  differs  coivsidurably  from 
a.ssuming  that  one  configuration  represents  neural  niLsmatch  while  tlie  other  represents  functionally 
effective  iiiteraeiloii. 


Figure  5.  Centripetal  and  Tangential  vectors  fonn  u 
rc.sultunt  vector  that  rotates  In  the  mean 
utricular  shear  plane.  During 
acceleration,  this  vector  rotates  in  the 
direction  .signaled  by  the  semicircular 
canals.  Duriiij;  deceleration,  it  rotates 
opposite  the  direction  signalled  by  the 
scnilcirculur  canals. 


SKNSORY  CONFLICT,  NEURAL  MISMATCH 


A  generally  accepted  hypothesis  today  is  that  conflicting  messages  from  sensory  detectors  of 
motion  produce  motion  sicknes.s.  Tliis  idea,  which  is  not  new  (Guedry  1970,  Irwin  1881,  Lansberg 
1960,  McIntyre  1944,  Oman  1990,  Reason  1978),  has  gained  favor  over  the  notion  that  vestibular 


overstimulation  is  responsible  for  motion  sickness  because  very  mild  vestibular  stimuli  produce 
sickness  when  sensory  conflict  is  present  whereas  some  strong  vestibular  stimuli  can  be  repeatedly 
tolerated  without  sickness.  A  partial  melding  of  these  ideas  may  be  culled  for,  viz.,  very  strong 
vestibular  stimuli,  in  the  absence  of  apparent  sources  of  exteroceptor  conflict,  may  produce  sickness 
when  their  continued  presence  threatens  the  subcon.scious  but  pervasive  imperative  to  control  whole- 
body  motion  relative  to  the  earth.  Neverthele.ss,  .sensory  conflict  is  a  significant  factor  in  stimuli  that 
induce  sickness. 

Some  examples  from  experiences  of  everyday  life  will  serve  to  clarify  the  nature  of  sensory 
conflict  and  its  relation  to  control  of  motion.  While  in  the  well  of  a  small  cabin  cruiser  that  is  moored 
to  a  dock  in  a  boat  shed,  a  person  proceeds  without  pause  to  inspect  instruments  within  the  boat  and  to 
check  the  engine.  Vestibular  sensations  from  u  gentle  rocking  of  the  bout  arc  concordant  with 
peripheral  visual  motion  cues  from  surrounding  dock  and  the  vlsuul/vestibuliu'  interaction  aids  balance 
control,  even  though  the  vestibular  and  the  peripheral  visual  messui^es  fail  to  reach  conscious 
awareness.  Suddenly  to  maintain  balance  and  to  allay  a  little  alarm  signal,  the  person  grasps  for 
support  and  shifts  gaze  to  find  the  source  of  alunn.  A  fairly  large  boat  has  entered  the  adjoining  slip 
and  produced  a  large  moving  peripheral  vision  message,  discordant  with  concurrent  vestibular 
information.  Balance  control  is  threatened  until  the  person's  spatial  model  and  motor  control  strategy 
arc  uc^justed,  A  similar  experience  occurs  when  a  person  places  the  palm  of  the  hand  against  a  wall  in 
order  to  relax  by  leaning  against  the  wall,  which  happens  to  be  a  .sliding  panel,  not  an  earth-fixed  wall. 
Again  u  little  ulami,  a  diverted  gaze  to  understand  and  a  postural  adjustment  serve  to  restore  effective 
control  of  motion  and  orientation  relative  to  the  earth.  Both  situations  involve  sensory  mismatches  in 
the  context  of  an  operating  spatial  model  and  motion  conmol  objectives;  they  challenge  built-in  demand 
to  maintain  conti'ol  of  motion  and  orientation  relative  to  the  earth.  In  these  examples,  the  sen.sory 
feedback  associated  with  motion  control  would  have  remained  below  conscious  uwiu-encss  had  the 
conflict  not  occurred  and  in  both  examples  the  conflict  was  resolved  on  a  con.scious  level.  In  many 
motions  that  induce  sickness,  conflicts  may  be  scn.scd  only  us  slightly  confused  perceptions  and  the 
alarm  reactions  may  remain  subconclous.  Even  for  ulnmi  reactions  that  penetrate  conscious  awareness 
due  to  severe  .sensory  conflict,  the  reason  for  the  alarm  reaction  cannot  be  understood  by  quick 
inspection  unless  the  observer  is  very  well  informed  on  the  role  of  sensory  conflict  in  motion 
sickness.  This  is  the  nature  of  .sensory  conflict  In  motion  .sickness. 


CONFLICT  VS.  MISMATCH 


The  phra.se  sensory  conflict  carries  implications  that  do  not  clearly  tit  u  number  of  .stimulus 
conditions  that  provoke  motion  sicknes.s.  While  conflict  is  an  appropriate  term  for  "Coriolis  cross- 
coupled"  stimulation,  a  number  of  nauseogenic  motions  involve  stimuli  in  which  one  sen.sory  input 
[xrsistently  calls  for  a  reaction  while  infomiution  from  another  sensor  is  "abnomially"  absent,  Such  is 
the  cu.se  for  sustained  off-vertical  rotation  in  which  a  contimiul  reorientation  relative  to  gravity  of  llie 
otolithic  scmsor.s  is  unaccompanied  by  .semicircular  canal  infomiution  (Ben.son  1988/b,  Benson  1974, 
Quedry  196.5/u),  information  nonnully  present  wlien  the  head  is  voluntarily  turned  about  the  head's  z- 
uxis  wliile  tlie  axis  of  liead  turn  is  off- vertical.  A  brief  nuiurul  head  turn  about  a  tilted  axis  generates 
cotirdinatcd  canal  and  otolith  information  whereas  during  sustained  rotation  the  coordinated  canal 
information  disappears,  Head  movements  made  during  eartli-orbit  missions  generate  normal 
scmicireuliir  without  the  usually  coupled  change-in-orlcntation  infonnalion  from  the  otolithic  sensors 
(and  here  it  would  be  nice  to  have  miicli  better  basic  infomiution  tlian  is  available  on  the  dynamics  of 
the  iiiechunicul  response  of  the  otolithic  .seii.sors  to  linear  uceelerations  in  ''microgravity").  Head 
movements  (pitch  or  roll)  involving  the  vertical  canals  (that  on  earth  are  typically  uccompunied  by 
otolith  information)  me  more  provocative  in  niicrogravity  than  yaw  movements  (Luekner  and  Graybicl 
1984).  More  than  66%  of  ustronuiits  oi'e  afflicted  with  space  motion  sickness  for  several  days  until 
adaptation  occurs  (Rcschke,  1990).  Here  we  have  sensory  messages  not  clearly  in  conflict  with  one 
aiiotlicr  but  rather  .sensory  messages  in  combinations  that  can't  be  immediately  interpreted  by  the  brain 
networks  that  generate  sequences  of  motor  reflexes  that  ordinarily  improve  the  quality  of  motion 
control.  From  this  per.spective  we  prefer  the  term  neural  mismatch  to  sen.sory  conflict  in 
cliaructerizing  stimuli  tliat  lead  to  motion  sickness. 


EMPIRICAL  PROCEDURE  FOR  NEURAL  MISMATCH  ASSESSMENT 


The  vestibular-system  always  operates  as  a  silent  partner  to  improve  the  efficiency  of  goal- 
directed  voluntary  body  movements  relative  to  the  earth,  Normally  vestibular  sensations  do  not 
achieve  conscious  awareness.  For  example,  as  the  gaze  is  changed  by  head  and  body  movement  to 
see  the  source  of  a  sound,  the  person  is  aware  of  the  sound  and  then  of  the  visual  object  and  may  be 
aware  of  pain  from  an  arthritic  joint  but  is  unaware  of  the  vestibular  message.  This  property  of  the 
vestibular  system  can  be  used  as  a  clue  to  the  presence  of  neural  mismatch.  Vestibular  sensations 
achieve  conscious  awareness  in  voluntary  ambulatory  movement  only  when  they  ore  'disorderly'  in 
relation  to  concomitant  information  from  other  .senses  that  participate  in  the  control  of  head  and  body 
movement  relative  to  the  earth.  The  dizziness  that  accompanies  vestibular  disorders  is  poorly 
described  because  the  afflicted  person  is  confused  and  disturbed  by  mixed  signals  from  the  various 
senses  involved  in  the  conhol  of  motion.  Immediate  confusion  and  disturbance  from  motion  stimuli 
are  therefore  useful  signs  that  neural  mismatch  is  present  either  due  to  dysfunction  within  the  motion 
sensing  proces.ses  or  due  to  unusual  motion,  beyond  the  range  encounter^  in  daily  activities. 

Awareness  of  motion  and  inaccuracy  of  motion  perceptions  cannot  be  u.sed  as  indicators  of  the 
presence  of  sickness-provoking  stimuli,  becuu.se  vestibular  sensations  usually  achieve  conscious 
awareness  during  passive  motion.  Accuracy  of  motion  perceptions  cannot  serve  us  an  indicator 
becuu.se  perceptions  may  be  wrong  but  not  at  all  confusing.  An  example  is  the  post  rotational 
sensation  of  spinning  following  u  gentle  stop  from  low  speed  whole-body  rotation  in  darkness.  The 
.spin  perceived  is  inaccurate  but  not  confusing,  dl.sturbing  or  nuuseogenic  because  the  misleading 
tnestiage  from  the  semicircular  canals  encounters  minimal  conflicting  information  from  otlter  motion 
.sensors  and  passive  body  movement  minimizes  demand  from  cotnpensutory  postural  reactions,  litis 
example  may  seem  ill-clioscn  in  tlie  light  of  tltc  sickness  provoked  by  the  "suaden-stop  test"  (Graybiel 
and  Luckner,  1980).  The  conditions  for  the  sudden-slop  test  Involve  an  angular  impulse  that 
generates  a  spin  sensation  of  sustained  magnitude  fur  beyond  any  commonly  encountered  together 
with  an  angular  impul.se  to  the  mu.scles  and  joints  that  would  awaken  spino-vestibulur  interplay 
(Wilson  and  M.  Jones,  1979)  despite  Ixtdy  restraint  in  the  rotation  device.  The  sudden-stop  test 
provokes  sensations  that  ore  immediately  confusing  and  disturbing. 

Until  vestibular  neuroscience  advances  to  a  complete  understanding  of  what  is  sensory  conflict 
and  what  is  functional  .sensory  interaction,  the  best  nvallnblc  empirical  clue  to  neural  mismatch  is  tltc 
presence  of  confusion  and  slight  repugnance  (disturbance)  in  the  overall  immediate  perception. 


CONCEPTUAL  GUIDES  FOR  IDENTIFYING  PROVOCATIVE  STIMULI 


Benson  (1988/b)  has  provided  u  conceptual  classification  of  provocative  motion  stimuli,  ba.sed 
on  the  ncurul-mi.sm: .( h  theory  of  motion  .sickness.  We  propose  anotlier  category  of  neural  mismatch 
in  the  last  column  of  Table  I,  iiifcrred  fioni  the  very  different  reactions  to  active  and  passive  motion. 
The  perceptual  responses,  oculomotor  reflexes,  trunk  and  limb  reflexes  during  and  after  sustuln.ed 
active  turning  differ  miukedly  frotn  their  cc.iinterparts  during  and  after  passive  turning. 

A  confused  and  reversed  perception  follows  active  ambulatory  turning  that  is  attributable  to 
feed-forward  messages  initiated  by  volitional  motor  commands  and  concomittant  vestibular  afferent 
messages  (Ouedry  et  ul,.  1978).  Prostrotation  trunk  and  limb  torsional  activity,  present  following 
active  ambulatory  turning  (Correia  sLul.,  1977),  is  less  apparent  when  the  subject  is  seated  and  the 
arms  provide  the  torsional  driving  force  (Guedry  and  Benson  1983).  It  is  not  apparent  at  all  following 
passive  turning,  seated  or  standing.  Thus  the  orientation  perception  and  perceptual-motor  reactions 
differ  from  their  counterparts  following  passive  turning  which  is  dominated  by  the  semicircular 
canals.  Perceptual  reactions  during  goal-directed  voluntary  whole-body  motion  differ  from  perceptual 
reactions  followirg  kinematically  identical  passive  motion. 


TAIILK  I:  IclenttricHlion  of  Motion  Cue  Mlsniatcli  ICii|{enderln|j  Motion  Sickness 
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Herf  NVe  propose  that  vcsiibulur  inducod  motor  response  ol  the  trunk  and  limbs  come  into 
opposition  with  motor  responses  engendered  by  preprogrammed  feed  forward  messages  during 
voluntary  movement  and  by  forces  imposed  directly  on  the  muscles  und  joints  by  the  motion  itself. 

'Phis  class  of  neural  mismatch  Is  difficult  to  study  relative  to  the  ease  with  which  controlled 
changes  in  visual- vestibular  interactions  cun  be  imposed;  its  impcrriance  remains  to  be  determined.  All 
of  the  examples  in  this  column  of  Table  I  may  be  Type  1  orTvpc  2,  und  TyP®  2(ii)  may  be  a  null  class 
for  this  form  of  neural  mismatch.  The  sickness  prcxfoccd  in  the  "Sudden-stop"  test  and  the  immediate 
disturbance  that  accompanies  this  veiy  strong  semicircular  canal  stimulus  may  be  partially  attributable 
to  postural  discord  with  vestibular  adjustment  demands  from  this  exceptional  stimulus.  Du.  '.ig  voi^ 
low  frequency  high  peak  velocity  sinusoidal  angular  acceleration!  some  subjects  report  a  paradoxical 
und  disturbing  sensation  near  the  zero  velocity  cross-over  of  the  stimulus-whcrc  the  semicircular 
canal  turning  signal  approaches  und  cosses  zero  .signal.  During  this  interval  the  Weber  'atio 
(Stevens,  1951)  for  comparison  of  cur  und  proprioceptor  signals  may  be  optirnul-canal  signals 
approach  zero  while  proprioceptor  sigr.tls  from  torsional  effects  on  the  body  approach  maximum, 
although  they  are  never  strong  in  the  seated  subject.  Similarly  during  low  frequency  vertical  linear 


oiicillation,  the  perceived  reversal  poin?  is  phase  advanced  relative  to  the  true  point  of  reversal  so  that 
subjects  perceive  'hitting  bottom'  tefore  maximum  force  on  the  subject's  'bottom'  occurs. 


STOTT'S  RULES 


In  an  effort  to  provide  simplifying  principles  that  subsume  the  many  particulars  of  motion 
stimuli  that  provoke  sickness,  Stott  (1986)  suggests  some  rules  that  the  brain  uses  in  evaluation  of 
rnatch/mismatch,  based  on  the  fact  that  the  overall  visual  scene  is  usually  stable  and  gravity  doesn't 
change  in  direcdon  or  intensity  (at  least  in  the  perceptual  world  of  man). 

Visual-Vestibular  rule:  Angular  or  linear  head  motion  in  one  direction 
must  result  in  corresponding  angular  or  linear  motion  of  the  overall 
visual  surround  to  the  same  extent  in  opposite  direction.  Here  adequate 
phase  or  planer  matches  must  occur  or  else  visual-vestibular  sickness 
provoking  mi.smatches  are  present. 

Canal-otolith  rule:  Rotation  of  the  head,  other  than  in  the  Earth- 
horizontal  plane,  must  be  accompanied  by  appropriate  angular  change 
in  the  direction  of  the  linear  acceleration  due  to  gravity. 

Utricle-saccule  rule:  Any  sustained  linear  acceleration  is  due  to  gravity, 
has  an  intensity  of  1  g  (9.81  m/s2)  and  defines  "downwards." 

This  latter  rule  docs  not  overlook  the  fact  that  linear  acceleration  of  the  head  in  the  earth- 
horizontal  plane  yields  a  resultant  force  vector  that  is  tilted  relative  to  gravity  but  rather  assumes  that 
the  sum  total  of  kJody  linear  accelerations  Including  gravity,  over  any  short  period  of  natural  voluntary 
locomotor  activity,  average  to  the  direction  of  gravity  and  1.0  g  magnitude.  One  obvious  deviation 
from  this  rule  is  running  or  walking  in  a  clrculiu-  path  where  the  average  centripetal  acceleration  yields 
a  tilted  average  linear  vector.  However  when  this  occurs  the  vestibular  .system  assists  in  aligning  the 
"average"  vertical  axis  of  the  body  with  the  average  direction  of  resultant  force  vector,  while  the 
verticaldimcnsions  of  trees  and  buildings  In  visual  space  .serve  through  visual/vcstlbulur  interaction  to 
level  the  head,  maintain  clour  vision  and;  preserve  the  constancy  of  visual  space. 


Frequcncy<Effecls  and  Stott's  Lltrlclc>Sacculc  Rule 


'I'he  utricle-succule  rule,  used  to  explain  sickness  induced  by  verlieul  linear  acceleration, 
appeals  to  the  fact  that  frequencies  of  linear  oscillation  that  induce  sickness  are  considerably  below 
those  nomially  encountered  in  locomotion  activity  .so  that  for  example  the  mean  1  g  intensity  rule 
would  be  violated  on  the  high  side  for  almost  2  s  and  then  on  the  low  side  for  almost  2  s  in  each  cycle 
of  a  0.25  Hz  vertical  linear  osclllutioii.  This  inlcrc.sting  explanation  relates  to  one  of  the  more 
perplexing  facts  of  motion  sickness  that  must  be  dealt  with  by  any  comprelieiisivc  model  of  motion 
sickness.  Motion  sickness  is  dependent  upon  the  frequency  of  motion  stimuli,  for  some  and  perhaps 
all  forms  of  sickness  producing  motion  stimuli. 

Data  available  suggest  that  0.2  Hz  is  maximally  provocative  (Gulgnard  and  McCauley  1990, 
O'Hunlon  and  McCauley  1974)  and  that  higher  and  lower  frequencies  are  less  provocative,  at  given 
peak  vertical  acceleration  levels.  The  fact  that  frequencies  above  0.5  Hz  are  less  provocative  fits 
neatly  with  the  fact  that  the  utricle  and  saccule  are  routinely  stimulated  at  frequencies  above  1.0  Hz 
during  walking  and  running.  However,  if  frequencies  of  vertical  linear  acceleration  significantly 
lower  than  0.2  Hz  are  in  fact  less  provocative,  then  Stott's  Interesting  1  g  explanation  doesn't  hold. 
Unfommatcly,  data  on  low  frequencies  of  vertical  oscillation  is  weak  because  low  frequencies  require 
very  great  linear  displacement  to  reach  the  peak  acceleration  magnitudes  evaluated  at  0.2  Hz. 
Magnitude  as  well  as  frequency  is  important  (Lawthcrand  Griffin,  1986).  Amplitudes  required  at 
very  low  i^ucncies  exceed  amplitudes  that  can  be  attained  with  existing  motion  devices. 

Data  from  other  forms  of  cyclic  stimulation  help  but  do  not  clear-up  this  issue.  Cyclic  stimuli 
that  violate  Stott's  visual-vestibular  interaction  rule  dramatically  produce  sickness  at  frequencies  of  .02 
Hz,  for  below  0.2  Hz,  but  do  not  produce  sickness  at  a  frequency  of  2  Hz  (Ouedry  eL&I-,  1982). 


Whether  or  not  cyclic  vestibular  interference  with  vision  ut  0.2  Hz  would  provoke  more  sickness  is 
not  known,  but  here,  matching  .stimulus  magnitudes  is  conceptually  difficult.  High  peak  angular 
velocities  (1207s)  are  required  to  produce  visual  blurring  for  head-fixed  targets  at  0.02  Hz  whereas 
low  peak  velocity  (207s)  produces  equivalent  visual  blurring  at  2,5  Mz.  With  .02  Hz  the  peak 
acceleration  was  only  7.5  7s2  whereas  with  2.5  Hz  the  peak  acceleration  was  3147s2.  The 
investigators  chose  to  match  fretiuencies  and  peak  velocities  that  induced  equivalent  degradation  of 
visual  performance. 

Indications  that  flight  simulators  particularly  conducive  to  simulator  sicknes.s  have  "high 
energy"  of  display  motion  centering  around  0.2  Hz  are  interesting  observations  that  require  more  data 
for  analysis  than  is  available  from  simulator  studies.  The  Quedry,  Bcn.son,  Moore  (1982) 
experiments  illustrate  the  need  for  analysis.  The  0.02  Hz  visual-vestibular  interaction  that  induced 
sickness  required  the  subjects  to  visually  suppress  vestibular  ny,stugmus  to  obtain  visual  infonnation 
from  the  head-fixed  visual  di.splay.  'I'he  cyclic  waxing  or  waning  of  the  VOR  in  each  stimulus  cycle  is 
associated  with  a  waning  and  waxing  of  difficulty  in  visual  suppression,  ranging  from  a  maximum 
effort  to  suppress  VOR  of  about  ~7()7s  in  one  direction  to  minimum  effort  to  suppress  a  VOR  of  07s 
and  then  to  maximum  effort  to  suppress  a  VOR  of  ~707s  in  the  opposite  direction,  If  cyciic  variation 
in  suppresion  effort  is  the  significant  clement,  then  the  relevant  stimulus  frequency  was  0.04  Hz, 
since  suppression  effort  peaked  twice  in  each  cycle,  whereas  if  direction  of  VOR  suppression  is 
relevant  then  0,02  Hz  was  the  relevant  stimulus  frequency. 

However  if  the  visual  display  used  is  situplc,  a  set  0(3  single  digits  changing  ach  second,  then 
verj'  little  sickness  occurs,  whereas  If  tlte  display  Is  more  complex,  such  us  a  matrix  of  numbers  from 
which  numbers  must  be  retrieved  when  coordinates  are  given  (Gilson  et  al,.  1977,  Ouedry  and 
Ambler  1973,  Moore  et  al..  1977),  then  slcknc.ss  incidence  is  high.  Perhaps  cyclic  variation  in 
vestibular  interference  with  a  pattern  of  voluntary  gaze-control  is  the  provocative  attribute  of  this 
motion  stimulus.  When  cyclic  VOR  is  visually  suppressed  for  even  a  short  time,  a  VOR  gain 
reduction  (not  attributable  to  arou.sul  reduction)  occurs.  Recent  neurophysiological  data  indicate 
cerebellar  involvement  in  visual  suppression  of  vc.stlbular  nystagmus  and  cerebellar  'circuitry'  in  the 
adaptive  modification  of  the  VOR,  Moreover  these  same  cerebellar  components  apireiir  to  Ijb  critical  to 
provocation  of  motion  sickness  (Brlzzcc  1990,Crnmpton  1990/b,  Wang  and  Chinn  1956). 

Sustained  off-vortical  rotation  is  a  fonn  of  sustained  cyclic  otolith  stimulation  that  induces 
sickness  and  here  the  peak  magnitude  can  be  held  constant.  During  whole  body  rotation  about  a 
rotation  axis  that  is  lilted  relative  to  gravity,  the  otolithic  membranes  sliould  Ire  dlspUiced  in  something 
anprouching  an  orbital  path  about  some  central  point  In  tlte  sen.soiy  muculu.  The  com|>onent  of  gravity 
directed  in  the  mean  .shear  plane  of  the  otolithic  membrane  is  the  effective  stimulus.  lrre,spective  of 
rotation  speed,  the  direction  of  this  component  is  continuously  changing.  Rotation  speed  detemiines 
the  frequency  of  this  cyclic  stimulus,  12  rpm  being  a  0.20  Hz  stimulus.  With  this  stimulus  form  it 
appears  that  about  0.25  Hz  is  maximally  provocative  whereas  0.10  Hz  is  not,  and  higher  frequencies, 
e.g.,  .37  Hz,  and  above,  are  less  provocative  (Knkit  et  al..  1991,  Miller  and  Orayhiel  1973),  The 
OVR  data  full  approximately  in  line  with  the  vertical  oscillation  data. 

Visual  motion  stimulation  without  whole-btxly  movement  may  be  useful  in  clearing  up  this 
ixrplcxiiig  question  as  to  whellier  there  is  a  maximally  provocative  frequency,  irrespective  of  tlic  type 
of  motion  stimulus,  Perhaps  cyclic  otolith  stimulation,  us  opposed  to  cyclic  canal  stimulation,  is 
maximally  provocative  at  0,2  Hz.  It  is  possible  with  visual  stimuli  to  simulate  whole-body  motions 
that  would  stimulate  the  otolith  system  exclusively,  or  the  semicircular  canals  exclusively  or  the  canals 
and  otoliths  simultaneously.  Simulated  vertical  linear  oscillation  at  frequencies  less  than  0.2  Hz  could 
be  generated  without  the  excursion  limits  that  are  imposed  by  devices  that  actually  move  the  body. 
Some  interesting  information  may  be  generated  that  would  relate  to  whether  or  not  there  is  in  fact  a 
common  maximally  provocative  frequency  across  different  forms  of  motion. 

To  explain  frequency  effects,  one  looks  for  something  that  might  be  tuned  so  as  to  have 
maximum  gain  at  the  most  provocative  frequency.  The  literature  on  frequency  effects  doesn't  provide 
good  rationale  for  deciding  where  to  look,  Referring  to  Figure  1 ,  do  we  look  in  Stage  1 , 2,  or  3? 


PERCFETUAL-MOTOR  ADAPTATION  TO  UNUSUAL  MOTION  ENVIRONMENTS 


Knowledge  has  been  developed  in  recent  years  on  mechanisms  of  adaptation  to  motion 
conditions  that  involve  consistent  mismatch  among  the  orientation  sensors  (Bertnoz  and  M.  Jones, 
1985).  Human  and  animal  subjects  wearing  optical  devices  that  reverse,  displace,  or  change  the 
velocity  of  visual  motion  feedback  during  head  and  body  movements  (actively  or  passively  generated) 
have  teen  extensiveley  investigated.  These  studies  consistently  show  adaptive  changes  in  the 
vestibuio-ocular  reflex  that  serve  to  optimize  stablization  of  retinal  images  during  head  motion,  For 
example.  VOR  adjustment  to  optical  right-left  reversal  requires  a  stimulus-response  phase  shift  of 
almost  180  degrees.  A  phase-shift  approaching  180  degrees  developed  in  about  3  days  in  human 
subjects  who  wore  reversing  prisms  continuously,  even  when  tests  of  phase  rrlations  were  made  in 
the  dark  during  passive  motion  (Melvill  Jones,  1985).  Before  pha.se  shift  was  manifest,  gain  reduction 
was  prominent. 

Subjects  living  in  an  enclosed  rotating  room  (Oraybiel  et  al,.  1960)  show  VOR  gain  reduction 
fairly  early  (Ouedry,  1964).  The  confusing  motion  perceptions  that  accompany  each  head  movement 
in  a  rotating  room  also  diminish.  After  several  hours  of  rotation  exposure  the  gain  of  the  VOR 
induced  by  head-tilt  movements  during  room  rotation  is  greatly  reduced  (Ouedry  et  al..  1964;  Gucdiy 
et  al..  1962).  And  for  several  hours  after  rotation  stopped,  head  movements  produced  confused 
perception,  e.g.,  a  roll-right  head  movement  produced  pitch-forward  motion  perception  and  postural 
Instability.  After  this  short  exposure,  change  in  the  plane  of  the  VOR  was  not  apparent  in  clectro- 
oculographlc  tracings.  After  three  days  (or  longer)  In  the  rotating  room,  for  severai  hours  after  the 
room  was  stopped,  a  roll-right  head  movement  produced  a  few  teals  of  VOR  ny,stugmus  appropriate 
in  direction  for  pitch  forward  perception  of  head  and  body  movement  (Ouedry  and  Oraybiel  1962, 
Ouedry  1965),  The  effect  that  was  perceptually  evident  after  sliort  exposure  (2  hours),  became 
evident  in  the  VOR  after  longer  exposure.  A  90  degree  change  in  plane  of  the  VOR  in  response  lo 
voluntary  heudmovement  can  be  seen  for  several  hours  after  leaving  the  rotation  room,  when  the 
exposure  Is  of  sufficient  duration.  The  sequence  of  adaptive  VOR  changes  in  the  optical  reversal 
studies  and  the  rotating  room  studies  is  first  gain  reduction  and  second  "recoding"  that  shifts  the  phase 
or  the  plane  of  die  VOR  appropriately  for  the  exceptional  environment.  Hie  fact  that  only  VOR  gain 
reduction  was  reported  during  rotation  in  the  rotating  room  studios  is  due  to  the  fact  that  in  the 
enclosed  rotating  room,  the  only  VOR  component  that  needed  to  be  suppressed  during  x-uxis  roll  was 
the  y-axis  component;  the  x-axls  component  was  .still  needed  during  head  roll  movements  in  the 
rotating  room.  In  other  words,  visual  requirements  for  change  did  not  demand  a  VOR  change  in  the 
plane  of  the  head-movement;  ratlicr  visual  requirements  for  change  demanded  suppression  of  the  VUR 
In  a  plane  90  degree  displaced  from  the  head  movement  plane.  Also  In  the  adjustment  sequence 
revealed  by  the  post-rotation  results,  the  perceptual  plane  was  changed  substantially  before  the  VOR 
plane  change  was  evident,  at  least  with  the  measurement  available  at  that  time.  The  spatial  orientation 
perceptual  model  may  change  before  the  control  strategy  Initiates  recoding  of  the  VOR. 

Along  with  adaptive  changes  in  the  reactions  (VOR  and  perceptual)  induced  by  head 
movements  in  these  motion  environments,  changes  in  motion  sickness  symptoms  also  occur.  Early  in 
motion  exposure,  symptoms  begin  to  appear  and  then  incrcu.se  (at  different  rates  in  different  subjects) 
and  with  continuing  exposure,  symptoms  diminish  (again  at  different  rates  in  different  subjects). 
Thus  it  is  reasonable  to  believe  that  Initiating  perceptual-motor  adjustment  induces  motion  sickness 
and  that  achievement  of  perceptual-motor  adjustment  serves  to  prevent  motion  sickness  in  the  novel 
motion  environment. 

While  changes  in  the  sensorimotor,  perceptual  and  sickness  reactions  parallel  one  another, 
they  probably  do  not  follow  exactly  the  same  course.  Metrics  to  characterize  each  of  these  reactions 
lead  to  comparative  uncertainty.  Consider  that  VOR  gain  change  did  not  proceed  at  the  same  rate  us 
'recoding  changes'  in  the  mtating  room  studies  or  in  the  optical  left-right  reversal  studies  and  recovery 
rates  occur  in  reverse  order,  recoding  recovers  faster  than  gain. 

Individual  reactions  during  the  course  of  adaptation  reveal  individual  differences  in  adaptive 
strategy,  In  a  rotating  room,  one  subject  in  the  course  of  a  series  of  prescribed  head  movements  may 
stop,  vomit  and  then  continue  on  with  head  movements  as  though  nothing  exceptional  had  happened. 
Recovery  is  rapid.  Just  before  emesis,  the  VOR  often  becomes  disorganized  and  "unscorable'^  but  it 
may  return  after  emesis,  Another  subject,  who  may  "tolerate"  the  head  movement  sequence  much 
longer  tefoie  emesis,  finally  vomits  but  is  unable  to  continue  for  a  long  time.  Recovery  is  slow. 
Some  subjects  try  to  resist  emesis  more  than  others,  some  recover  faster  than  others  and  these  are  a 


few  of  nwiiy  dilTereiuxs  Lwlweeii  people  ihal  complicate  efforts  to  model  the  mechanisms  of  motion 
sickness. 


NEUROPHYSIOLOGICAL  MECHANISMS  OF  PERCPETUAL  MOTOR 
ADJUSTMENT 


Most  research  aimed  at  cvaluutini;  the  neurophysiological  mechanisms  of  adaptive  adjiismient 
to  unusual  motion  has  focused  on  motion  conditions  that  yield  "neural  mismatch"  but  very  consistent 
neural  mismatch.  Optical  distortion  of  visual  feedback  always  yields  the  same  visual-vestibular 
mismatch  for  particular  head  movements.  Pitch  or  roll  head  tiwvcmcnts  from  upright  posture  in  a 
rotating  room  always  yield  the  same  canul/otolith  mi.smatch  irrespective  of  heading  in  the  room 
(Guedry,  196.5/b).  Many  recent  studies  have  been  described  in  Ucrihoz  and  Melvill  Jones  (198.S)  and 
a  convenient  succinct  summary  is  provided  by  Stott  (199(1). 

The  Marr-Albus  model  of  cerebellar  function  suggests  that  the 
cerebellum  learns  to  perform  motor  skills  both  for  voluntary 
movements  and  for  retlex  maintenance  of  posture  and  balance. 

Essential  to  this  learning  capacity  are  the  climbing  fiber  Inputs  from  the 
inferior  olive.  The  m^el  proposes  that  the  synaptic  connection.s  of 
parallel  fibers  to  Purklnjc  cells  are  modillable  in  their  transmission 
efficiency  and  that  this  modification  is  brought  utout  by  conjunctive 
activation  of  a  parallel  fiber  and  a  climbing  fiber  converging  on  the 
.same  Purkinje  cell.  This  mechanism  has  received  expcrimenlal 
conftnnatlon  in  a  series  of  experiments  by  Ito  (reviewed  in  Ito)  which 
substantiate  the  concept  that  the  climbing  fiber  inputs  con.stitnte  the 
instruction  signals  that  reorganize  the  relationship  between  mossy  liber 
inputs  and  Purkinje  cell  output. 

Purkinje  cell  axons  project  to  oculomotor  control  areas  within  the 
vestibular  nuclei.  Whether  the  plasticity  within  the  cerebellum  provides 
the  sole  ba.sls  for  gain  modulation  of  the  vcstibula-ocnlar  retlex  is  not 
certain.  Miles  itnd  Lisberger,  from  studies  in  the  monkey,  argue  for  the 
gain  modiftablc  elements  to  tie  located  in  the  brain  .stem. 

The  ability  in  experimental  studies  to  control  visual  and  vestibular 
tnotion  stimuli  and  to  make  preci.se  tncttsuremcnts  of  eye  movement 
responses  are  important  factors  that  have  made  the  study  of  vestibulo- 
tjcular  mechanisms  such  a  profitable  area  of  research.  The  multiplicity 
and  variability  of  the  physiological  correlates  of  motion  sickness  remier 
the  underlying  neural  mechanisms  of  this  response  more  difficult  to 
elucidate.  Nonetheless,  it  .seems  likely  that  neurophysiological 
mechanisms  similar  to  tho.sc  involval  in  vestibulo-txiular  gain  pliisticity 
are  involved  in  adaption  to  nausco-gcnic  stimuli,  The  further 
elucidation  of  the  mechanisms  that  enable  recognition  of  spatial  senso^ 
patterns  and  bring  about  adaptive  changes  within  this  system  may  in 
turn  yield  principles  that  underlie  the  higher  mental  capacities  of 
learning  and  memory. 

As  stated  by  Qerthoz  and  Melville  Jones,  "...the  adaptive  phenomenon 
rather  than  being  a  mere  curio.sity  of  brain  function  ...  constitutes  a 
fundamental  property  of  the  nervous  system,  responsible  for  active 
matching  both  between  related  sub-systems  within  the  CNS  and 
between  them  and  their  daily  encounter  with  the  external  physical 
world," 


A  CONCEFI  UAL  MODEL 


Characteristics  of  VOR  alteration  may  provide  clues  to  vestibular  sensorimotor  changes 
relevant  to  motion-sickness  modelling.  VOR  gain  reduction  occurs  naturally  in  darkness  during  any 


passive  sustained  oscillation  or  repeated  step  function  or  any  other  repealed  velocity  waveform 
(Collins  1963/1964,  Collins  and  Ouedry  1962).  VOR  gain  can  be  immediately  reinstated  by  any  of  a 
variety  of  alerting  tasks  and  can  be  manipulated,  up  or  down,  by  imagined  visual  reference  (Baloh 
1984,  Barr  filJll.,  1976,  Melvill  Jones  et  al..  1984,  Jell  et  al..  1988),  but  without  manipulation,  VOR 
diminishes.  This  everpresent  tendency  toward  VOR  gain  reduction  during  passive  stimulation  may 
signify  an  early  and  ever-ready  level  of  adaptive  change  that  provides  some  defense  against  motion 
sickness  in  more  variable  (and  perhaps  less  stressful)  motion  condition.s  than  arc  encountered  in 
rotating  rooms  or  while  wearing  right-left  reversing  spectacles,  variable  conditions  in  which  adaptive 
rearrangement  of  sensorimotor  re.spon.se  would  not  be  funcdonally  appropriate. 


ASSLMPTIONS 


iTom  this  gain  reduction  propensity  and  the  early  gain  reduction  in  the  vision  reversal  and 
rotating  room  studies,  we  propose  that  gain  reduction  is  an  early  adaptive  change  to  sustained  unusual 
motion  that  may  be  significant  in  highly  variable  motion  enviromncnis.  Following  are  additional 
assumptions  underlying  onr  conceptual  model; 

From  the  presence  of  optokinetic  nystagmus,  optokinetic  after-ny.stugmus,  arthrokinetic 
nystagmus  (Brandt  et  al..  1977)  and  evidence  for  arthrokinetic  after-nystagmus  (Ouetlry  and  Benson 
1983),  we  propose  that  the  standard  operating  gain  of  the  VOR  is  le.ss  than  1.0  during  voluntary  active 
motion  which  Is  the  raison  d'etre  for  the  VOR.  Voluntary  initiation  of  motion  increu.ses  VOR  gain 
brleflv.  Then  an  optokinetic  component,  a  lesser  arthrokinetic  component  and  possibly  a  weak 
audiokinetic  component  contribute  to  a  gain  of  1.0  for  the  overall  response  in  sustained  voluntary 
motion.  This  theoretical  perspective  concerning  the  brain's  .standard  (desired)  VOR  gain  may  be 
important  (if  true)  in  motion  sickness.  In  short,  the  vestibular  preferred  operating  gain  is  less  than  1.0 
and  how  much  gain  is  contributed  by  the  other  sources  of  gain  augmentation  may  depend  upon 
preprogrammed  feed-forward  messages  related  to  movement  objectives.  From  this  perspective  OKN, 
AKN,  OKAN  and  AKAN  arc  manifestations  of  processes  who.se  presence  Is  meant  to  achieve  gain  in 
the  kinds  of  motions  involved  in  natural  voluntary  movement.  Rcspon.sttS  generated  by  sustained  off- 
vertical  rotation  or  sustained  active  body  turning  by  the  limbs  are  manifestations  of  auxiliary 
contributions  to  VOR  gain  in  natural  movement.  The  walk-in-place  nystagmus  of  Blcs,  gUil.  (1984, 
1979),  may  play  a  role  in  gaze  stabilization  during  sustained  ambulatory  turns  in  circular  paths. 

From  the  absence  of  awareness  of  vestibular  .son.salion  in  natural  voltmtary  movement,  we 
infer  that  optimal  udjusmient  to  novel  motion  environments  provides  control  of  motion  in  wliicli  there 
is  minimal  awareness  of  ve.stibular  sensations, 

Bused  on  the  belief  that  control  of  whole-body  motion  has  been  critical  to  survival  of  species 
and  the  fact  that  unexpected  motions  generate  alumi  reactions  very  early  in  life  (Smith  and  Smith 
1962,  Ouedry  and  Correia  1978)  we  assume  that  a  demand  (or  drive)  to  maintain  control  of  whole- 
body  motion  is  present  in  passive  as  well  as  active  motion  conditions. 

Finally  we  assume  that  during  initial  exposure  to  a  novel  motion  environment,  a  spatial  model 
of  the  motion  environment  forms.  To  permit  optimal  overall  commerce  with  the  environment,  control 
of  motion  must  proceed  toward  automaticity  wherein  the  task  of  motion  control  is  not  a  disU'aetion, 
During  either  voluntary  movement  in  a  novel  environment  or  passive  exposure  to  novel  motion, 
motion  control  objectives  and  strategics  are  part  of  the  adaptive  process.  These  are  fundumcntal 
iLSSumptions  underlying  the  conceptual  model  illustrated  in  Figure  6. 

In  motion  environments,  it  is  important  to  disdnguish  between  1)  voluntary  motion  relative  to 
a  motion  platform  that  is  moving  (or  perceived  to  be  moving  [visual  vcction))  relative  to  the  earth,  2) 
motion  relative  to  tlie  earth  by  volunt^  control  of  a  motion  platform  that  is  moving  or  perceived  to  be 
moving  (simuladon)  leladvc  to  the  earth,  and  3)  completely  passive  whole-body  motion  with  die  head 
and  body  fixed  to  a  moving  motion  platform.  The  different  situations  involve  different  relations 
between  intention  to  move  and  motion  experienced.  However,  herein  we  assume  the  presence  of  a 
constant  internal  demand  to  maintain  effective  control  of  orientation-change  relative  to  the  earth, 
irrespeedve  of  motion  conditions  Thus,  a  detected  mismatch  in  any  motion  environment  begets 
arousal  and  correedve  acdons. 

The  firtit  stage  in  the  model  comprises  the  motion  sdmulus  which  elicits  immediate  perceptual- 


motor  rciictiotis  which  arc  compared  with  preprogrananed  sets  of  pcrccptual-niolor  paradigms  tlial  in 
turn  depend  upon  the  spatial  model,  motioti  control  objectives,  and  previous  experience.  Even  during 
completely  passive  motion  stimulation  postural  and  motion  control  objectives  arc  in  operation  due  to 
the  imperative  to  maintain  control  of  control  of  body  posture  and  motion  relative  to  tlie  earth.  Figure  6 
presents  this  conceptual  model. 
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Figure  6.  Conceptual  Model  of  the  mechanisms  of  adaptation  to  unusual  motion  and  of  the 
relationship  of  adaption  to  the  on.sct  of  sickne.ss. 


When  match  is  detected,  the  preprogrammed  perceptual-motor  (PM)  panuiigms  tire  reinforcal, 
the  store  remains  the  same,  and  the  selection  rate  of  appropriate  sets  of  Perceptual-motor  paradigms  is 
improved.  The  .spatial  model  and  conU'ol  objectives  detcmiinc  which  paradigm  sets  are  in  immediate 
access  for  comparison,  When  misniutch  is  detected,  urou.sal  mechanisms  operate  through  tlic  spatial 
model  and  control  .strategy,  culling  for  response  change  first  through  gain-control  and  tlicn  if 
necessary  through  gain-control  coupled  with  semsory-motor  recoding.  Mismatch  begins  to  alter  the 
spatial  model  so  that  new  sets  of  nerceptuul-motor  .setiuences  can  be  stored  for  comparison  with 
subsequent  reactions.  Hut  mlsmatcn  engenders  arousal  and  contimicd  arousnl  commences  the  build¬ 
up  of  the  ueurochemicttl  link  to  the  sickness  .svndrome.  As  the  mutches  improve,  tlie  intxiel  and 
neural  store  develop  permitting  more  rapid  sclcellon  of  preprogrammed  pcrcei)tutil-molor  engrains  that 
citable  the  uutomaticiiy  required  for  efflcieiil  control  of  motion  without  tirousal.  As  long  as  mismatch 
induces  arousal,  the  neurochemical  build-up  for  sickness-on.sci  contiiuies;  big  aroiisiil  coniribiuing  to 
faster  sickness  onset. 


Adupfution  riiruugh  (luiii  Cuntrul 


The  literature  on  adaptation  to  coiisistem  mismatches  induced  opticiilly  or  In  rotating  remms 
provides  examples  of  motion  conditions  in  which  recoding  of  scii.sory  motor  rc, spouses  serves  to 
repair  highly  consistent  mismatch.  Most  of  the  effort  to  elucidate  underlying  physiological 
mechanisms  is  centered  on  optically  induced  neural  mismatches.  Our  emphasis  on  gain  cliange  was 
partially  due  to  our  perception  that  dilTerent  nieclttmisms  may  lie  involved  in  adaptation  to  novel 
motions  that  arc  not  comjiletely  consistent  in  the  neural  mismatches  they  generate.  Now  we  must 
provide  some  examples  of  situations  in  which  gain  control  would  appear  (intuitively)  aiipropriiitc  for 
the  job. 


Sliip  motions  are  fttirly  variable  despite  tlie  natural  frequencies  of  tlie  roll  and  pitcli  of  the  sliip 
and  they  certainly  induce  seasickness,  individuals  moving  about  on  ships  increase  the  complexities 
and  vanability  of  tlic  motions  they  experience,  Wiien  on  deck  there  is  some  motion-conu'ol  aavuntiige 
for  stabilizing  the  eyes  relative  to  the  earth,  considering  the  horizon,  dl.stunt  ships  and  even  slow 
moving  clouds.  As  indicated  earlier,  the  vestibular  sy.stcm  stabilizes  tlie  eyes  relative  to  the  earth 
automatically  with  some  optokinetic  and  urthrokinetic  assistance,  in  a  normal  environment.  On  deck, 
high  VOR  gain  is  needed  but  urthrokinetic  gain  for  oculomotor  control  may  need  some  reduction 
because  tlie  leg,  ami  and  trunk  motions  are  appropriate  for  tlie  ship's  deck  but  not  for  the  horizontiil 
plane  of  the  earth.  Even  the  ambient  visual  infonntttion  is  playing  tricks  because  some  very  large 
visual  fields  (the  deck  and  superstructures  of  the  ship)  arc  moving  and  tilting  relative  to  the  earth's 
horizon  but  are  the  relevant  visual  frames  of  reference  for  control  of  motion  of  the  body.  Laboratory 
visual/  vestibular  interaction  studies  suggest  that  carth-refcrcncc  motion  cues  in  ambient  vision  will 
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improve  focal  vision  for  shipboard  objects  when  in  accord  with  vestibular  information;  discord  yields 
degradation  of  focal  vision  (Guedry  et  al..  1979).  When  the  individual  enters  the  ship's 
compartments,  it  would  be  nice  for  VOR  gain  to  go  down  while  optokinetic  gain  goes  np;  VOR  effort 
to  stabilize  vision  relative  to  the  earth  is  not  helpful  inside  a  ship's  compartment.  Adjustment  of  the 
various  contributors  to  oculomotor  gain  appears  (intuitively)  advantageous  for  at  least  part  of  the 
adaptation  to  some  forms  of  complex  motions.  Similarly,  vestibulomotor  adjustment  considering  the 
limbs,  neck  and  torso  must  require  gain  adjustment  as  well  as  directional  adjustment.  That  gain 
control  can  be  highly  adaptive  is  nicely  illustrated  by  a  recent  study  in  which,  through  adaptive 
conditioning,  gain  was  increased  or  decreased,  depending  upon  whether  subjects  gazed  upward  or 
downward  fShelhamer  et  al..  1991). 

Expressed  in  terms  of  the  conceptual  model,  adaptation  to  ship  motion  would  involve 
development  of  a  spadal  model  that  when  coupled  with  the  immediate  control  objectives  and  strategy 
would  permit  quick  selection  of  perceptual-motor  paradigms  including  relative  gains  for  VOR,  OKN 
and  AKN  for  the  interior  of  the  ship.  Vestibular  sensing  of  pitch  and  roll  of  the  ship  would  be 
necessary  for  automaticity  of  limb  and  trunk  control-some  recoding  of  directional  function  would 
accompany  dynamic  changes  in  gain  control. 


DEVELOPMENTAL  STRUCTURING  OF  ADAPTIVE  CAPACITY 


According  to  the  model,  pa.st  experience  with  interaction  among  motion  sensors  during  whole- 
body  motion  plays  a  role  in  the  state  of  adaptation  to  those  interactions  and  hence  iniluences  whether 
or  not  particular  interactions  engender  sickness.  With  this  in  mind,  it  is  appropriate  to  consider  the 
range  of  experience  that  occurs  in  everyday  life  with  varied  interactions  between  a)  the  .semicircular 
canals  and  the  otolithic  sensors,  b)  visual  and  vestibular  sensors  and  c)  the  vestibular  and 
proprioceptor  sensors.  We  include  vestibular  sensors  in  each  of  the  interactions  because  of  the  central 
role  in  motion  sickne.ss  of  the  vestibular  system. 

The  coupling  between  semicircular  canals  and  otolithic  sensors  remains  very  tight  throughout 
life.  Any  particular  voluntary  head  motion  initiated  from  any  particular  position  relative  to  gravity 
always  generates  the  same  combination  of  stimuli  to  these  two  different  sensors.  A  particular  head- 
n'otion  relative  to  the  body  con  produce  different  canul/otolith  interactions  depending  upon  the  state  of 
whole- body  motion  relative  to  the  earth  but  a  particular  head  motion  relative  to  the  earth  always 
generates  the  same  cotnbination  of  .semicircular  canal  and  otolith  stimuli, 

Mere  we  might  ask  how  the  coupling  of  canal/otolith  interaction  for  particular  motions  of  the 
head  rcladve  to  the  earth  could  ever  be  altered  in  the  course  of  development.  One  mechanism  is 
vestibular  dysfunction.  Vestibular  dysfunction,  for  whatever  reason,  could  yield  unaccustomed 
sensory  patterns.  Sustained  or  repeated  dysfunction  could  increase  the  range  of  experience  with 
sen,sory-neural  mismatches. 

Another  curious  source  in  the  development  of  man  lies  in  early  childhood  experiences.  The 
sustained  ambulatory  turning  that  mo;:t  children  enjoy  generates  a  semicircular  canal  signal  that 
produces  the  Purkinjc  effect  when  the  head  is  tilted,  an  effect  that  is  disturbing  later  in  life.  This 
childhood  activity  repeatedly  induces  incoordination  that  eventually  ends  with  a  full,  which  the  child 
finds  amusing.  Functional  value  of  such  activity  is  a  matter  of  speculation.  Is  the  child  increasing  the 
range  of  adaptive  processes  that  will  seiwe  him  later  in  life,  should  vestibular  dysfunction  arise? 
Certainly  reinstatement  of  ability  to  control  whole-body  motion  has  survival  value,  if  vestibular 
dysfunction  should  arise  in  later  life.  The  passive  motion  expciienced  before  birth  and  the  vigorous 
tossing  and  turning  that  is  generated  by  parents  may  also  be  relevant. 

In  contrast  to  the  light  otolitli/canal  coupling  in  the  course  of  natural  life  arc  the  more  varied 
conibinauons  of  interactions  between  the  vestibular  and  visual  systems  and  between  the  vestibular  and 
proprioceptor  .systems.  Coupling  between  visual  and  ve.stibular  systems  is  varied  in  everyday  life. 
Particular  head  movements  i  dative  to  the  earth  can  be  generated  with  eyes  open  or  closed.  Tlic  eyes 
may  be  fixed  on  a  point  in  space  as  the  head  moves  so  that  retinal  images  of  the  surround  is  retinally 
stabilized,  or  tlte  eyes  may  pursue  a  moving  target  during  head  movement  so  that  the  target  image  is 
fixed  on  the  ret*na  but  background  images  move  on  the  retina.  During  linear  or  slightly  curvilinear 
head  motion,  the  direction  of  retinal  image  sweep  depends  upon  direction  of  gaze;  fixation  of  far 
targets  produces  high  .speed  sweep  of  near  objects.  In  modern  man,  optical  lenses  demand  visual- 


vestibular  adjustments.  Everyday  life  demands  central  processes  that  handle  a  variety  of  visual- 
vestibular  interactions,  suggesting  availabilty  of  CNS  processes  for  handling  varying  combinations  of 
visual-vestibular  interaction,  This  may  facilitate  adaptation  to  visual-vestibular  mismatches  when  they 
are  imposed  in  modem  transportation  systems.  Alteration  of  VOR  gain  begins  in  a  matter  of  minutes, 
even  during  passive  motion. 

Similarly  the  coupling  between  vestibular  and  somatosensory  inputs  from  weightbearing 
surfaces  and  from  muscles  and  joints  is  variable  in  everyday  life.  The  same  forward  pitch  trunk 
movement  can  be  made  with  the  liead  turned  to  the  right,  left,  up  or  down  relative  to  the  body. 
Turning  movements  about  a  body  axis  or  in  a  circular  path  can  generate  similar  vestibular  messages 
produced  by  very  different  body  movements.  During  walking,  head  and  neck  and  vestibular  systems 
are  involved  in  gaze  stabilization  and  their  roles  change  for  near  and  ftu'  targets  (Reschke  et  al..  1^1). 

From  this  perspective  we  speculate  that  visual-vestibular  mismatches  can  be  very  disturbing 
but  that  adaptive  change  should  be  relatively  fast.  Vestibular-proprioceptive  mismatches  can  tw 
diiiturbing  but  perceptual-motor  adjustment  to  mismatch  may  also  be  relatively  fast.  This  is  a 
neglected  area  of  study.  Finally,  intra-labyrinthine  mismatches  are  more  provocative  and  disturbing 
than  the  others  and  perhaps  most  resistant  to  perceptual- motor  adaptive  resolution  of  mismatch. 


THE  NEUROCHEMICAL  LINK 


Neural  mismatch,  recognized  somehow  somewhere,  initiates  the  onset  of  sickness.  A 
hypothetical  sequence  is  a  chemical  agent  which  enters  tlic  cerebrospinal  fluid  in  the  third  ventricle 
(Crumpton  19%,  Crumpton  and  Duunton  1983),  is  tranp.sorted  to  the  fourth  ventricle  where  it  reacts 
with  a  chemically  receptive  zone  in  the  Area  Poslrcma  (flrizzee  and  Neal  1954,  Wang  and  Chinn 
1954}  on  the  suiface  of  the  floor  of  the  fourth  ventricle.  This  reaction  triggers  a  neiuby  vomiting 
center  (Wang  and  Borison  1950),  This  sequence  has  recently  been  challenged  (ablation  of  the  Area 
Po,strcma  did  not  prevent  vomiting  (Borison  1986,  Wilpi/.eski  1986)  and  a  discrete  vomiting  center 
(Miller  1988,  Miller  and  Wilson  1983)  may  not  exist),  but  some  kind  of  ncurocheniical  link  near  thc.se 
centers  is  likely  (Brizzee,  1990). 

In  considering  this  link,  we  must  account  for  the  fact  that  sickness  on.set  may  be  very  sudden 
(emesis  occurs  in  some  individuals  after  1  or  2  cross-coupled  stimuli-  within  say  30  second.s-and 
nausea  onset  can  be  almost  immediate)  or  sickness  may  be  very  gradual  in  onset  requiring  several 
hours  for  build-up  with  some  fonns  of  stimulation  (Homich  £J^.,  1984),  Analogy  to  titration 
procedures  in  u  quantitative  chemical  analysis  seems  appropriatc-llic  chemical  endpoint  is  upprouclied 
very  gradually  and  slowly  with  very  small  droplets  hut  the  endpoint  can  be  overshot  with  one  big 
drop,  Recovery  may  be  very  fast  or  veiy  slow.  An  aliernative  to  the  titration  analogy,  expressed  as 
the  model  (Oman,  1990)  illustrated  in  Figure  7,  proposes  parallel  slow  and  fast  pathways  to  account 
for  extremes  in  onset  rates. 

The  fast  and  slow  dynamic  elements  in  the  model  may  relate  either  to  "oricntation-emctic 
linkage  mechanisms  or  the  dynamic  properties  of  the  emetic  centers  tliemselvcs."  Oman  suggests  that 
extremely  fast  nausea  and  vomiting  is  neurally  mediated,  whereas  slower  onset  dynamics  is 
suggestive  of  humoral  mediation,  He  sugge-sts  physiological  mechanisms  that  migtit  be  involved; 

'ITic  dynamic  operators  may  approximate  the  action  of  some  Immoral 
diffusion  or  active  transport  process,  or  could  be  the  intrinsic  dynamics 
exhibited  by  a  network  of  vomiting  center  neurons  to  direct  neural  or 
humorui  conflict  signal  stimuiation.  For  example,  vestibulim  conflict 
neurons  might  work  in  synergistic  pairs,  somewhat  as  vestibular 
afferent  neurons  do,  and  project  to  neurons  (perhaps  in  area  poslrcma, 

AP)  associated  with  nausea  perception  and  vomiting.  If  the  synapses 
were  excitatory  and  had  the  character  that  a  burst  of  conflict  neuron 
activity  produced  a  prolonged  (e.g.,  1  min)  depolarization,  "leaky 
integrator"  dynamics  would  result.  Carpenter  et  al,  (1990)  have 
described  a  class  of  AP  neurons  that  re.spond  qualitatively  in  this 
fashion  to  a  variety  of  directly  applied  neurotransmitter  agents.  They 
attribute  the  long  lasting  depolarization  of  these  neurons  to  a  second 
messenger  mechanism.  Slow  path  dynamics  might  be  associated  with  a 
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,  potentiation  of  the  fast  path  synaptic  pathway  by  a  third  agent 

circulating  from  the  hypothalamus  -  pituitary  or  diffusing  through  the 
I  ventricles.  This  slow  path  is  presumably  characterized  by  much  slower 

response  times.  (Oman,  1990  p  300) 

On  the  'output  side,'  die  mechanism  for  fast  emesis  is  in  place.  Vomiting  is  a  complex  reflex 
that  in  surgery  can  be  immediately  elicited  by  pulling  the  gut  or  by  lightly  scraping  the  surface  of  the 
floor  of  the  fourth  ventricle  near  the  Area  Postrcma.  However  physical  traction  on  the  gut  seems 
unlikely  to  be  part  of  the  natural  eliciting  mechanism  (Wang  and  Chinn  1956b). 

Considering  now  the  initiation  of  the  linking  process,  is  it  the  recognition  of  neural  mismatch 
or  the  beginning  of  the  sensorimotor  adaptation  process  that  triggers  the  .sequence  of  evems  that 
culminate  in  nausea  and  vomiting?  Trlesman  (1977)  proposed  that  toxins  induce  neural  mismatch 
among  motion  sensors  and  that  vomiting  provoked  by  neural  mismatch  serves  to  protect  species. 
Morec  vet  ,  the  unpleasant  experience  associated  with  the  source  of  the  toxin  would  provide  beneficial 
avoidance  conditioning.  Thus  motion  sickness  is  a  biological  accident  attributable  to  the  fact  that 
unusual  motions  generate  neural  mismatches  that  simulate  mismatches  that  toxins  generate  (cf  Money 
1990). 


Money  (Money  and  Cheung,  1983,  Money  1990)  provided  inferential  support  for  this  idea 
when  they  found  that  labyrinthectomy  In  dogs  reduced  emesis  from  several  toxins.  Based  on  this 
idea,  it  is  detection  of  neural  mismatch  in  the  motion  control  sy.stem  and  not  the  beginning  of  the 
adaptation  process  that  triggers  the  onset  of  the  motion  .sickne.ss  syndrome. 


FqbI  Path 

•  A  single  conflict  stimulus  produces 
Inataneous  nausaa. 

•  might  be  neurally  mediated 

neural 
mlsmotcii 
signal 


nfiuson 

mogniiiidu 

esiirnnlG 


sensory 
conflict  . 
signals 


Conflict 

Wel^llng 

Roctificntlon 


^  last  path 
^  ( >  1  min) 


l-i- 


slow  path 
(>  10  min) 


tnroBhold 

& 

power  tnw 


Slow  path: 

*  Sets  oversll  nausea  threshold 
&  gain  of  fast  path 

•  Slow  dynamics  suggest  humorel  mediation 


other  emotic 
inputs,  eg: 

Gl  vagnl  nllorence 


Figure  7.  Schematic  diagram  of  model  for  dynamics  of  nausea  syniptom.s.  Adapted  from  Oman 
(1990). 

Onset  of  sickness  may  be  slow  because  of  a  slow  passive  process  or  in  .some  situations 
individuals  may  actively  'titrate'  exposure.  For  example,  in  earth  orbit  or  in  rotating  rooms,  the 
individual  may  restrict  head  and  body  movements  that  are  the  sickness-inducing  stimuli.  In  such 
situations,  adaptation  may  develop  at  u  rate  sufficient  to  prevent  the  onset  of  serious  svmptorns  of 
motion  sickness.  In  studies  of  exposure  to  continuing  passive  motion,  emesis  incidence  levels 
(Guignard  and  McCauley,  1990)  for  passive  vertical  oscillation  reached  80%  for  the  provocative 
frequencies  around  0.2  Hz  in  about  2  hours  and  only  about  30%  for  a  higher  frequency.  Some 
individuals  who  did  not  reach  emesis  in  this  study  undoubtedly  experienced  nausea,  nevertheless 
lengthy  exposure  to  some  motions  is  required  before  awareness  of  symptoms  occurs  in  many 
individuals. 


THE  MOTION  SICKNESS  SYNDROME 


The  motion  sickness  syndrome  consists  of  autonomic  nervous  system  reactions  associated 
with  motion  stress,  somatic  nervous  system  reactions  involved  in  emesis  and  a  range  of  complex 
mental  reactions  including  fatigue,  drowsiness,  poor  motivation  for  work,  and  depression. 
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AUTONOMIC.STRESS  REACTIONS 


It  is  hard  to  imagine  any  perceptual-motor  function  more  crucial  to  survival  of  the  species  than 
the  control  of  body  orientation  and  motion  relative  to  the  earth.  From  this  perspective,  any  threat  to 
this  function  must  elicit  alarm  reactions,  The  perceptual-motor  mismatches  involved  in  initiating 
motion  sickness  are  signals  of  threat  to  the  control  of  motion  relative  to  the  earth.  However,  the 
magnitude  of  the  stress  would  be  related  to  the  spatiai  model  of  the  motion  environment  and  the 
control  objective.  SQess  and  control  strategies  would  differ  between  a  disoriented  pilot  suddenly 
perceiving  imminent  impact  with  tlie  earth  and  a  ship's  passenger  whose  perceptual-motor  mismatches 
are  detected  but  not  perceived  as  threats  to  survival-except  perhaps  subconsciously. 

"Tlie  general  neuroendocrine  response  to  stressful  motion  and  sensory-rearrangements  include 
elevated  levels  of  adrenocorticotropin  (ACTH)  cortisol,  prolactin,  growth  hormone,  antidiuretic 
hormone  or  vasopressin  (ADH  or  AVP,  respectively),  thyroid  hormone,  epinephrine,  and 
norepinephrine"  (Harm  1990,  12158).  However,  individuals  considered  susceptible  to  motion 
sickness  do  not  necessarily  manifest  greater  autonomic  activity  than  individuals  more  resistant  to 
motion  sickness.  From  a  review  of  findings.  Harm  (1990  pi 65)  found  support  for  the  idea  that 
sympathetic  nervous  system  activation  provides  some  protection  apinst  motion  sickness  and  that 
shifts  in  the  balance  of  sympathetic  and  parasympathetic  function  underlies  motion  sickness 
symptomatology. 


EMESIS  AND  THE  SOMATIC  NERVOUS  SYSTEM 


Nausea  with  its  visceral  concomittants  and  tlie  somatic  act  of  vomiting  are  distinct  functions  of 
the  emetic  control  mechanism,  (Borison,  1986  p4).  Vomiting  is  usually  preceded  by  nausea  from 
autonomic  actions  but  can  occur  without  nausea.  Curious  characteristics  of  motion  sickness  are  I )  the 
quick  relief  from  nausea  that  emesis  often  brings  as  though  whatever  the  neurophysiological 
accumulative  process  that  accounts  for  feeling  sick  were  suddenly  set  buck  to  a  'better'  state  and;  2) 
the  very  slow  recovery  that  may  occur  following  brief  exposure  to  a  highly  provocative  stimulus. 
Nausea,  stomach  uneasiness,  fatigue,  headache,  and  drowsiness  may  persist  for  12  or  more  hours 
following  60  seconds  off-verdcal  rotation  at  15  rpm,  or  following  2  liead  movements  while  rotating. 

Rapid  relief  may  partially  be  attributable  to  the  fact  that  many  of  the  autonomic  concomittants 
of  nausea  sucli  as  salivation,  gastric  stasis,  respiratory  and  heart  rate  changes  are  also  part  of  the 
organized  reflexive  chain  of  events  that  compri.ses  the  somatic  act  of  vomiting.  The  reflexive  demand 
by  the  somatic  vomiting  sequence  for  change  in  these  physiological  concomittants  of  autonomically 
generated  nausea  may  account  for  the  sudden  change  in  perceived  well-being  after  vomiting.  A 
.sequential  model  (Davis  fiLiil.,  1986  p73)  as  opposed  to  a  "parallel"  activution  model  has  been 
proposed  to  explain  the  effector  sequence  that  makes  up  the  all  or  nothinu  vomiting  mcclianism- 
mouth  opening,  salivation,  gastric  relaxation,  respiratory  confol,  abdominal  muscle 
contraction...controlled  by  the  somatic  nervous  system. 

Ideas  relating  vomiting  to  survival  of  llte  species  center  on  levels  of  defense  against  toxins. 
Specific  smells  and  tastes  associated  with  nausea  produce  aversion  and  an  initial  level  of  defense.  It  is 
hypothesized  that  the  first  levels  of  defen.se  are  so  effective  in  the  rat  that  the  tat  has  aurvived  through 
avoidance  of  toxins  even  though  the  rat  i  innot  vomit. 

In  considering  changes  in  the  physiological  measures  associated  with  motion  sickness  it  is 
necessary  to  keep  in  mind  not  only  that  the  •  ''miting  sequence  and  the  autonomic  aspects  are  distinct 
functions  of  the  emetic  control  mechanism  but  also  the  fact  that  changes  in  orientation  and  states  of 
motion  produce  chwges  in  respiration  and  heart  rale  associated  with  changes  in  energy  demands  of 
the  body.  The  vestibular  system  is  an  efficient  detector  of  these  demands  during  natural  movement. 
The  paramedian  reticular  fonnation  appears  to  be  a  site  for  the  integration  of  cardiovascular  and 
vestibular  signals  (Yates  and  Yamagata  1990).  Vestibular  function  is  apparently  important  in 
adjusting  heart  rate  during  Hyper-Gz  exposure  (Matsunami  and  Satake  1991).  Frequent  and  sustained 
exercise,  i.e.  higli  levels  of  aerobic  fitness,  seems  to  increase  susceptibility  to  motion  sickness  (Banta 
et  al..  1987,  Cheung  cLal..  1990)  possibly  related  to  neuro-chemical  changes  assfx:ialcd  with 
exceptional  exercise  regimens. 
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Docs  willingness  to  vomit  play  a  part  in  the  magnitude  of  symptoms  experienced  in  motion 
sickness?  While  the  act  of  vomiting  is  reflexive  and  not  under  voluntary  control,  willingness  to  vomit 
plays  a  role  in  how  different  individuals  adjust  to  unusual  motion  environments.  Possibly  quickness 
to  vomit  and  hence  feel  better  is  partially  idiosyncratic.  Individuals  who  reflexively  vomit  with  little 
effort  and  with  little  disruption  of  performance  may  be  willing  to  vomit  whereas  those  whose  act  of 
vomiting  is  a  major  event  are  less  willing.  Whatever  the  cause,  willingness  to  vomit  plays  a  role  in  the 
strategies  individuals  adopt  in  adjusting  to  a  motion  environment.  Here  we  refer  to  strategics  that  are 
more  on  an  intellectual  level  than  the  partially  subconscious  strategies  that  bring  on  the  perceptual- 
motor  adjustment  in  our  conceptual  model.  Individuals  in  rotating  rooms  or  in  orbital  flight  can  elect 
to  avoid  head  movements  that  are  not  absolutely  necessary,  maintaining  a  sustained  malaise  that  may 
never  result  in  vomiting.  Others  may  opt  for  a  more  active  approach  that  may  result  in  more  emesis 
but  perhaps  more  rapid  adaptation. 


COMPLEX  SIGNS  AND  SYMPTOMS  OF  MOTION  SICKNESS 


Tlie  range  of  signs  and  symptoms  ihat  comprise  the  motion  sickness  syndrome,  as  described 
by  Benson  (1988/b),  is  presented  here  along  with  Figure  8,  which  depicts  the  neurophysiology  of 
motion  sickness. 

ITie  cardinal  symptom  of  motion  sickness  is  nausea;  the  cardinal  signs 
are  vomiting,  pallor  and  sweating.  Other  responses  are  frequently 
reported,  but  in  general  these  occur  more  variably.  Typically,  the 
development  of  motion  sickness  follows  an  orderly  sequence,  the  time 
scale  being  determined  primarily  by  the  intensity  of  the  stimulus  and  the 
susceptibility  of  the  individual  (Money  1979,  Reason  and  Brand, 

1975).  The  earliest  symptom  is,  commonly,  the  unfamiliar  sensation  of 
epigastric  discomfort,  best  described  as  'stomach  awareness'.  Should 
the  provocative  motion  continue,  well-being  usually  deteriorates  quite 
quickly  with  the  appearance  of  nausea  of  Increasing  severity. 
(!k>ncomituntly,  circumoral  or  facial  pallor  may  be  observed,  and  the 
individual  begins  to  sweat;  this  cold  sweat  is  usually  confined  to  those 
areas  of  skin  where  thermal  sweating  rather  than  emotive  sweating 
occurs.  With  the  rapid  exacerbation  of  symptoms,  the  so-called 
'avalanche  phenomenon',  there  may  be  Increased  salivation,  feelings  of 
bodily  warmth,  a  lightness  of  the  head  and,  not  infrequently,  quite 
severe  depression  and  apathy.  By  this  stage,  vomiting  is  not  usually 
long  delayed,  though  there  are  some  individuals  who  remain  severely 
nauseated  for  long  periods  and  do  not  obtain  the  relief,  uJbeit  transitory, 
that  many  report  following  emesis. 

If  exposure  to  the  motion  continues  nausea  typically  increases  in 
intensity  and  culminates  in  vomiting  or  retching.  In  the  more 
susceptible  individual  this  cyclical  pattern,  will  .  'axing  and  waning 
.symptoms  and  recurrent  vonuting,  may  lust  for  several  days.  Those  so 
afflicted  are  commonly  severely  anorexic,  depressed  and  apathetic, 
incapapable  of  carrying  out  allotted  duties,  or  curing  for  the  safety  of 
themselves  or  others.  Their  disability  is  also  compounded  by 
dehydration  and  disturbances  of  electrolyte  balance  brought  about  by 
the  repeated  vomiting.  Apart  from  the  characteristic  features  of  motion 
sickness-pallor,  sweating,  nausea  nnd  vomiting-other  signs  and 
symptoms  are  frequently  though  more  variably  reported.  In  the  early 
stages,  increased  salivation,  Miching  and  flatulence  are  commonly 
associated  with  the  development  of  nausea.  Hyperventilation  is 
occasionally  observed,  while  an  alteration  of  respiratory  rhythm  by 
sighing  and  yawning  not  infrequently  precedes  the  'avalanche 
phenomenon'.  Headache  is  another  variable  prodromal  symptom, 
usually  frontal  in  distribution,  though  complaints  of  tightness  around 
the  forehead  or  of  a  'buzzing  in  the  head*  are  not  uncommon. 

Drowsiness  is  an  important,  yet  often  ignored,  symptom  commonly 


associated  with  exposure  to  unfamiliar  motion,  even  if  not  necessarily 
an  integral  part  of  the  motion  sickness  syndrome.  Typically,  feelings 
of  lethargy  and  somnolence  persist  for  many  hours  after  withdrawal  of 
the  provocative  motion  stimulus  and  nausea  has  abated.  However,  in 
certain  circumstances  a  desire  to  sleep  may  be  the  only  symptom 
evoked  by  exposure  to  motion,  especially  when  the  intensity  of  the 
stimulus  is  such  that  adaptation  occurs  without  significant  malaise 
(Graybiel  and  Knepton,  1976).  The  soporific  effect  of  a  repetitive 
motion  stimulus  on  infants  has  long  been  recognized.  It  may  be  that  the 
drowsiness  observed  in  the  adult  when  expo.sed  to  appropriate  motion 
is  a  manifestation  of  the  same  mcchani.sm,  though  it  must  be 
acknowledged  that  the  somnolence  in  an  individual  who  has  suffered 
overt  motion  sickness  is  frequently  of  abnormal  intensity  and 
persi.stencc.  (Benson  p,319) 
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Figure  8.  Neural  slructurc.s  in  motion  .sickness.  CfZ  =  Chcmorcceplive  trigger  /.one.  (From 
Benson  1988b) 


MOTION  SICKNKS'S  AND  SPATIAL  DISORIKNTATION 


The  combination  of  sensorimotor  sy.stcms  involved  in  niainlcmmee  of  spatial  orientation 
awareness  and  the  systems  involved  in  bringing  about  the  onset  of  motion  sickness  arc  the  same. 
Motion  sickness  may  increase  ihe  probability  of  failure  to  maintain  adct|uute  'n  ientation  tiwiuencss  us  a 
result  of  the  distraction  of  coping  with  emesis  or  the  depression  and  malaise  associated  with  motion 
sickness.  Enthusiasm  and  confidence  of  the  student  pilot  in  learning  to  control  aerobatic  maneuvers 
can  be  seriously  degraded  by  the  drowsiness,  malaise  and  discouragement  that  are  part  of  the  motion 
sickness  syndrome.  If  these  symptoms  arc  not  accompanied  by  vomit'iig,  the  student  and  instructor 
alike  may  not  appreciate  that  the  student's  'poor  attitude'  is  due  to  airsickness. 

Many  flight  environments  and  especially  acrobatics  generate  many  mismatches  tliat  cloud  the 
perception  of  the  maneuver  and  that  also  tend  to  induce  motion  sickness,  Trainees  adjust  to  tliesc 
mismatches  and  in  so  doing  overcome  airsickness.  Indeed  the  motion  perceptions  of  actual  flight  are 
.lo  much  a  part  of  controlled  flight  that  the  experienced  pilot  distuibed  and  made  sick  by  Hying 
simulated  maneuvers  in  a  flight  simulator.  His  perceptual-motor  store  for  control  of  motion  in  the 
aircraft  is  violated  by  the  feedback  from  his  control  actions  in  the  simulator.  The  beginning  flight 
student,  without  comparable  stored  perceptual-motor  patterns,  i.s  undisturbed  by  flying  tlie  simulator 
(Quedry  1988,  Kennedy  ct  al..  1990,  NRC  conference  1990),  From  this  perspective,  motion 
sickness  and  spatial  orientation  reactions  of  pilots  arc  related. 


2-2.1 


Many  flight  situations  that  induce  pilot  disorientation  involve  stimuli  that  arc  minimally 
nauseogenic.  A  pilot  in  formation  flight  and  keeping  station  on  a  companion  aircraft  may  be  in  a 
coordinated  bank-and-tum  but  believe  the  aircraft  to  be  in  Idvel  flight,  The  turn  sensation  from  the 
semicircular  canals  is  absent  because  time  since  commencement  of  turn  has  allowed  the  cupula  to 
recover  to  its  null  position  and  alignment  of  the  resultant  force  vector  with  the  'vertical'  axis  of  the 
aircraft  elicits  a  zero-roll  signal  from  the  otolithic  receptors.  Thus  the  pilot  can  be  dangerously 
disoriented  but  unaware  of  his  disorientation  and  also  undisturbed  by  nauseogenic  sensory 
mismatches.  In  fact  this  is  referred  to  as  Type  I  disorientation  (Benson  1988/a)  which  is  responsible 
in  the  fixed-wing  military  aviation  communities  for  a  greater  loss  of  aircraft  and  pilots  than 
disorientation  types  in  which  pilots  ore  aware  of  disorientation. 

Type  11  disorientation,  in  which  the  pilot  becomes  aware  of  his  disorientation,  may  involve 
mismatched  and  nauseogenic  sensory  input.  Type  II  disorientation  accounts  for  a  higher  incidence  of 
aircraft  and  pilot  losses  in  rotary  wing  aircraft  than  does  Type  I  (Vymwy-Jones,  1988).  However, 
incidence  of  airsickness  is  lower  in  rotary  wing  than  in  Txxta  wing  communities.  The  frequency  of 
occurrence  of  nauseogenic  stimuli  plays  a  role  in  the  probability  of  sickness  and  pilots  would 
obviously  avoid  repetitive  Type  II  disorientation. 

While  the  physiological  mechanisms  of  spatial  disorientation  have  a  commonality  v/ith  those  of 
airsickness,  practical  solutions  for  the  two  problems  and  even  research  into  those  solutions  involve 
divergent  approaches. 
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SUMMARY 


Tne  phyaicai  characteristics  of  moti  n  stimuli  rey'ponsibie  for 
motion  sickness  are  reviewed  in  two  parts.  The  provocative  stimuli  are 
categorised  and  their  nauseogenic  properties  discussed  qualitatively 
in  terms  of  the  sensory  conflict  theory  of  motion  sickness. 
Quantitative  information  avaliablc  from  experimental  studies  v/lth 
specific  types  of  motion  is  then  summarised.  The  motions  of  the  )iody 
considered  in  this  review  include  translational  oscillation,  swing 
motions,  rotation  about  a  veitical  axis,  rotation  about  an  off-vertical 
axis,  rotational  oscillation  and  cross-coupled  (1..-?.  Coriolis) 
stimulation.  Conditions  producing  visually-induced  ruction  slcknes.s  aj.e 
also  summarised. 


X.  INTRODUCTION 

Motion  slcknes.'s  is  studied  primarily  because  oC  the  piobiems  it  ca'incs  to  pmipli- 
travelling  in  a  wide  variety  of  environments  (see  Table  1).  The  motions  ossociaUn]  wit.li 
sickness  in  the  various  environments  are  different  and  often  complex  <ind  so  i.t  In  noi 
immedial'.eiy  apparent  which  motions  are  primarily  Leaponslblo  for  filckt.ess,  L'ow  Miuciin.-i 
cjonductod  in  real  environments  liave  made  uaefui  measurements  of  both  the  mih.  ioji  and  thi.’ 
consequent  sickness  so  as  to  estal.Lish  cause -effect  relationships. 

Table  1  .^ome  examples  of  environments,  activities  and  devices  whicli  can  csu.mh  nyinptomn 


of  motion  3ickne.?a  (from  Griffin,  1990). 


Boats 

Camel  rides 

Ships 

Elephant  rides 

Subma rinea 

Hydrofoils 

Hl.:iulal:ors 

Hovercraft 

Swimming 

Fairgrouml  device.*! 

Fixed-wing  ciircfaft 

C  i  ne  r  am.i 

He  1  icopt  vM-.s 

Invril  1  ntj/d  i  .St  i:ii  1  luti  s;  m.m-i  .n;  len 

t  /I  I'f 

Mi  crof  i  chc  roadoi  .-t 

Fd  I  .'5 

Kzu.il  ion  about  <dl-veil  ic..il  axis 

'UcIk’:.-. 

i'{»i  1  <»  1  i  ;i  ;d  i mu  1  .It  i <.»n 

13usen 

Iajw- I  1  (.•■luoiicy  Li..iniildl  loiia  1 

T  i  a  1  n  a 

on<:  ill.it  i  1  ui 

'I'anks 

Experimental  studies  have  nl:own  lh»it  riM.uively  sli'i'li?  mol  Ions  can  cauf??’  in 

laour.-il.ory  conditions,  These  mot  lon.s  have  been  used  i  .study  phys  i  o  1  tjq  i ‘MI  1  and 
psycho  1  oq  I  ca  1  correlates  witn  individual  uuscept  Ibi  I  il  y  ‘o  motion  nickne.ss.  They  Imvi-  I'.nu 
lii.’nn  used  to  lost,  a  L  Lu  riial  i  ve  ant.  i -mol  iuii  nicknesa  drugs,  Kome  [dhfuutary  i  iivoaL  i  q..i  1  onn 
ii'ive  quuiitlfied  rt  relation  between  the  typo  of  motion  OKp' suu-  and  the  connequent’  mot  ion 
sickness  , 

Evidence  of  the  causen  ol  motion  sickness  c<3mes  from  labutatory  expo r  1  inenl  at  i lui,  l  iold 
Mludy,  analysLs  of  tiieoruticai  moclels  and  philosophical  cons  i  det  at.  i  ona  ,  In  i  lu:  lid  lowing 
c.M.-t  Iona  the  dlacusaLon  Is  restilcled  to  dat.a  from  lai»orai.<ir  y  Kiudies. 

l.X  Th4i  eauttca  of  notion  •icknoii 

Wi.en  sutfeilnq  from  motion  sickness  Lheto  is  a  tcnaency  for  people  to  altiibutc  i  lu'i  i 
ctjtulilUin  to  factors  other  than  the  motion,  Food,  Lor.tpc*r  at  ui  c,  .■jmi’lls,  cltjthiii',!  and  tu.uiy 
other  non-iTK3tlon  f.actor.s  are  blamed  for  causing  .sickness.  Motion  slcknur--'  it)  oi|a.«i;;  Id 
oar^ilv  atttibuteci  to  some  psychological  weakness. 

Thf’  mot  'on  .stitnuil  t »3Spon;i Lble  for  sickness  cannot  be  ea:,!ly  Ident  ifh-d  by  an  expo.'U'd 
persoii.  In  tzansport  environments  there  is  motion  in  many  directions  and  the  travallc-i  in 
‘inablo  to  att.rlbute  the  sickness  to  motion  In  any  one  direction.  Euina  very  gGnlle 
tiiovoiTicnl; are  cjapjable  of  producing  sickness  -  t.u  succumb  to  their  influence  may  secuu  sign 
of  weakness.  For  some  environments,  zrclent'fic  study  ha.s  yet  to  identify  the  motion 
principally  responsible'  lor  si ckness , 


Tho  loon«>  i.e  1  fiL  j  ijn5>h  ips  t*sl  abl  I  nh<»d  but  wenn  niotion  »ind  mol  itjn  s  i  uktiur..*!  sil  low  t.h'";'  falnc 
iuont  i  f  i  evil  ton  oT  cuien.  Theie  arei  many  unproven  L'emedres  offered  for  motion  jvioknofijt. 


1.2  Signs  and  Syrqatoms  of  Motion  9iokn«ss 

A  oonaiclniv^r.  1  on  of  the  phyalcaL  stimuli  cau.sLng  motion  aicrknoria  ai.ao  Involvt?.-!  a 
conn  Idc-M'at.  Ion  of  moans  of  quantifying  the  effects.  Vomitinq  is  tho  mont  obvious  sign  of 
mot  ion  Gioknotta  but.  it  iy  not  the  only  effect:  vomiting  may  i-e  neither  t.lie  most,  aensit-lvo 
nor  cho  most  Important  conaequenco  of  motion  .*5 Ickne.sa .  Whoro  the  Lnoidence  of  motion 
•:  i  ckrioa.'i  iy  low,  the  racotdlnq  of  some  leaa  dtamatic  offecL  winch  inav  bt*  present-  In  greater 
ejuantity  will  be  a  nore  yensil-lve  indicator.  The  various  .oign-s  and  syinpLoms  of  mot..l.on 
sloknf?.y.s  may  differ  in  their  dependence  on  the  oharacterlstica  of  motion  and  other  luotoro, 
However,  atudiea  at  aea  reported  by  Kanda  et  aJ  (.197'/)  and  Lawt.her  and  Griffin  (1987) 
dugqe.yt  mild  and  moderate  aymptoma  of  .nickneas  may  bo  predicted  from  the  relatioi.  between 
voniLliinq  Incidence  and  ship  motion  magnitude. 

Investigators  ot  motion  aickneao  havo  ofton  chosen  to  use  rating  scales  which  give 
jiome  weight  to  effects  other  than  vomiting.  Terms  such  a.?  'nausea'  and  'aickne.ss'  have 
different  meanings  in  d-lfforent  stuiiios  so  It  is  attractive  to  standardise  oti  the  rating 
scale.  One  of  the  most  u.sed  acalea  ia  that  presented  by  Graybiol  et  ui  (1968)  if.  which  the 
acute  elfecta  are  given  points  (Table  2a)  which  ore  then  aggregated  and  uaed  to  artivu  at 
a  lovoJ  of  Bovi.'rity  of  motion  sicknn.ss  on  a  tlvi  point  scale  from  "Kiighf  malaise"  l,o 
"frank  slckriesa"  (see  Table  2b).  Thi.*!;  acalw  has  been  used  to  categorise  the*  symptom!?!  ot 
motion  .yickneas  in  .some,  of  the  exporimonts  juiinma  ri.nCMl  in  Sections’  .)  to  9  bol'iw. 


Tal'lo  2a  Diagiio.stlc  categor  iaat  Ion  of  different  ievela  of  severity  of  acute  motion 
f.iicknoau  as  defined  by  Or.iybici  ot  aJ,  1968.  (Points  accumuiatod  from  the  signs 
and  symptom.d  in  this  tab?o  ar(2  used  to  deterinino  tho  relevant  -.Jegroe  of  motion 
sicknoss  severity  given  by  Table  2b). 


Category 

Pathognomonic 
16  point.'] 

Major 
fi  points 

M.'  nor 

A  points 

Minimal 

2  point.*] 

Additional 
Qual i fy 1 ng 
.Symptoms 

1  point 

Nausea 

Vomiting  or 

Nausea  II, 

Nause;i  I 

Kp '..gastric 

Plpiqantr.’C 

.syndrome 

retch  1 ng 

HI 

d iscomfort 

awarnnoss 

Gkin  colour 

- 

Pallor  III 

Pallor  ti 

Pallor  r 

PI  ushJ  ng 

Cold 

vweat 1 ny 

- 

in  '  " 

ir 

I 

- 

1  iicrnascd 

Ba 1 ivat Ion 

- 

JTI 

n 

1 

- 

brows.!  no.ss 

- 

1 1 1 

•  1 

I 

.. 

P  a  .i  n 

- 

- 

- 

- 

Headaohi.) 

Cunt  ra  1 
luTVon;'! 
iiyiu  nm 

n  1  -AY.  1  lie.'!.’]  5 

Kyu'S  0 1  u.'ied 

21  1 , 

Nyv-Jii  npun  1  I  I 

Tal'lo  2b  huvols  u(  .'ujvorlt.y  oi  <3cul  e  mol  loa  sLcknosjj  d.v  Ucluiod  by  Gtayb.icL  ct  a./,  1918. 

(Points  (if'iujimi  1  at  ml  fnmi  Tal>lu  2n  .iro  urjod  to  deletmiiu?  I  he  tlcgroio  ot  mot  Ion 
slckne.'3s  .snvotlt.y  shown  in  ilii;!  table)  . 


P«i  i  nt-s 

l.i'Vol  of  nevorll  y 

Slrktu'Gs  Catu<|ory 

2  1  h 

l-'j  ank  si  ckne.’j.s 

j; 

H  to  .lb 

Severe  Malaise 

Mill 

')  1  n  7 

Modotal.o  Mfil.ilse  A 

M  1  lA 

A  to  *1 

Moderate  Ma  lai.se  11 

M  nil 

1  f  o  2 

;ll  i  qht  Ma  L.s  t  ne 

M  I 

2.  THEORETICAL  CATEOORISATIOH  OT  PROVOCATIVE  STIMtJLX 

2.1  Th<  rol«  ot  th«ori«a 

A  complete  theory  of  motion  sickness  would  give  a  method  of  measuring  both  the  cause 
and  the  effect  and  indicate  how  they  are  related.  Various  motion  sickness  theories  have 
been  proposed  but  none  is  yet  capable  of  providing  quantitative  predictions  of  the  degree 
of  motion  sickness  to  bo  expected  from  a  range  of  different  motion  stimuli. 

For  a  few  types  of  stimuli,  presented  in  restricted  circumstanoeo,  it  has  been 
possible  to  determine  empirical  relationships  between  the  motiori  and  its  effects  (see 
Sections  3  to  9  below) .  These  relationships  may  contribute  to  a  general  model  of  motion 
sickneo.s  hut  they  are  not,  in  themselves,  motion  sicKrTesa  theories. 

GeiKual  theories  of  motion  sickness  are  currently  qualitative  rather  than 
quaijtitat  ive.  They  provide  a  rationalisation  of  existing  information  but  make  no  precise 
stntementa  of  what  degree  of  metion  .sickne.is  will  arise  in  specific-  circumstances.  The 
'  si-snsory  confiict  theory'  described  below  pcovldea  a  useful  qualitative  introduction  to  the 
characteristics  of  nauseogenio  stimuli. 

2.2  Th#  ••naoiTjf  oonfliot  thtery 

Several  tlieorlea  havo  been  baoed  on  the  idea  that  motion  sickness  arises  from  a 
oorif.iict  bTitween  th<'’  information  received  via  two  or  more  sensory  systems.  However,  since 
the  meaning  of  sensory  information  is  being  contiimaily  re-learnt,  we  vary  our  responses 
to  stJmull.  There  in  not  conflict  between  the  stimulation  of  the  aenaory  systems,  only 
conflict  between  thw-  interpretation  placed  upon  this  stlir.uiatioh .  Any  measure  of  conflict 
belweron  t;he  physical  stimuli  will  be  fixed  and  so  ouch  conflict  will  not  explain 
hab.itiiaUion  t.o  nauseogonic  stimuli  or  the  after-effects  of  exposure  to  such  atiinuii.  The 
extraordiiuu-y  udaptivs  capabilities  of  the  human  body  are  involved  In  both  causing  and 
overcoming  motion  rickneas. 

A  conflict'  between  algnal.s  received  from  different  somdqb  is  more  easily  conaid-ared 
d  conflict  with  what  Is  'expected'  than  a  conflict  with  what  is  'correct'.  The  combination 
of  s.igtuiUs  which  Ua  expected  will  be  largely  that  which  has  been  learnt  from  previous 
expot.'iencujj.  The  concept  of  aonsory  conflict  has  therefore  been  extended  Into  a  theory  of 
onnMory  nwi irangefneut  (.seo  Reason,  1970,  197H), 

The  aeiiMory  roa rrangement  theory  of  mn- ion  sickness  states  thati  ‘-aiJ  jituations  which 
pti^vokt.?  motion  :slcknosi3  are  charactoviood  by  s  condition  of  acnsoiy  taarrungonu^nt  in  which 
the  motion  nlgnais  t vansmi tted  by  tho  eyes,  the  vestibular  system  and  the  hoh-vestibular 
propriocMi'ptors  are  at:  variance  either  with  one  another  or  with  what  in  expected  from 
prcn>iou/T  esporiencG"  t  Reason  and  Brand  (1975)  suggest  that  the  conflict  may  bo 
convGiiiontJy  and  sufficiently  considered  in  two  categorieot  intor-modality  (botwoon  the 
eyen  and  thn  veyl  lbular  toceptors)  and  Intra-raodtiJ  ity  (butween  the  semi-circular  ainsia  and 
otoiiLh.*i  within  the  voatlbuiac  system).  For  both  categories  it  is  posalhle  tf  identify 
tlu'oc  lypc‘0  of  rUl.Ucitiun  In  which  uonfili:t  may  occur  (see  Table  3), 


'labl.c  1  Type.‘.i  and  cateyorie.x  ot  sensory  ccnflict 


Typ«  of 
acnfllot 

C«t«gory  of  oonfliot 

Vl«u»l  -  Vvotibular 

Canal  -  Otolith 

Typ«  I 

VtM.ia!  -ind  vicMl  ibii  1  *■  r  ny.yVemn 
:i  i  mu  1 1  aticiuio  1  y  a  i  cjn.nl  d  1  f  f  eront 
(i.e,  cjnt  •  tid  i  cl.oi  y  nr 
uritJori  nJ.ited)  Iniorirat  Ion 

Canaia  and  otolith.*?  n  imn  Ll.aneoun  1  y 
signal  dlfferFjrii;  (i.o. 
contradictory  ot  uncorro Latcd) 

1 n  format  Ion 

Typ«  Ila 

Vijiii.jl  aystom  aignaJa  in  the 
ab.Ufiice  ul  an  expected  vostibulat 
sJ  gna  L 

Canals  signal  in  the  absence  of  an 
expected  otoilth  .'iignal 

Typ«  Itb 

Vontibular  .nyutem  nignnl.i  In  the 
abnenco  of  an  exp<*ci  ed  vJau.il 
r)  Iqna  1 

Ot.ollths  vH  Ignat  in  the  abnencio  of 
.jn  exp«*c't  ed  canal  algriai 

Mui.ioh  (Miv;  I  loritnoiiis  can  involve  mote  than  one  confllr.t!  there  la  gorieraLly  more 
;i  i.  t  f  i u  1 1  y  ill  detcidliui  whore  the  variou.M  environments  atiouid  be  entered  than  whether  they 
r.\i\  loo  I’tdotoci  within  Dii.s  i:.il.o»jotiyat  Jon,  'fable  *1  1 1 1  irntrates  the  division  advocated  by 
hiMison  (.l9Ui).  Tho  l.ailowlng  •’Xpian.:»klon3  ate  derived  flam  Griffin  (1990). 


TdbU;  -1  Tyj.to  >.-1  tiu>{  ifii  cao  ruKim.ilfli  piuducod  hy  v.jriuviu  pr  nvni:-nt  i  vi*  r.i  imiili,  (Aciafitt'd 
from  Benaon#  J  984 ) 


Category  of  motion  cue  mlsmatoh 

Viaual  (A)/ 

Vaatlbulac  (B) 

Canal  (A)/ 

Otolith  (B) 

TYPI  I 

Watching  waves  from  a  ship 

Makifjg  head  movements!  whilst 

A  and  B 

rotating  (Coriolis  or  cross- 

■Imviltanaouily  glv* 

Use  o£  binoculars  in  a  moving 

couploci  .‘.stimulation) 

oontradietory  or 

vehicle 

unoorrolatod 

Mak.ing  head  rovomRnt.T  in  an 

information 

Making  head  movements  when 

abnormal  acc^j.! oration 

vision  l3  distorted  by 

environment  which  may  be 

optical  device 

constant  (e.g.  hyper-  or  hypo- 
gravity)  or  riuctuatirig  (e.g, 

'  Paeudo-CorioM  a'  ot  litiu.lation 

linear  oscUlatlon) 

.Space  sickness 

Vestibular  disorders  (e.g. 
M6ni»bre's  diaoauo,  ac:ute 
iaby r int h i t i s ,  t  r a uma 
labyrliit  hectomy) 

cm  II* 

A  «i.gn*l*  in  abiano* 

C  i  n o  r  nma  s  .1  c k e  s  a 

Positional  alcohol  nyetagmun 

at  (xpaotad  B  ligatls 

Simulator  slckncua 

'  Haunt  ad  awing' 

O.lorio  .stlimilation  of  .aniiii- 
cJ  rcuiar  oana  Is 

Veatil;u.lar  diuorduis  (e.g. 

Ci.rcu^*n‘  vectlori 

prooouro  vertigo, 
cupu.loIithJ  a.y  Is  I 

tCyp*  Ilb 

Looking  inside  a  moving 

iiow-frequchcy  (<0.rj  H/.) 

B  •Ignal*  in  •b**no* 

vehlcji*  without,  external 

1  tonalalloiial  oool  lUii.  Ion 

of  aiitMatad  A  tlgnala 

visual  retorencH  (e.o.  below 

dock  Lit  bo.'b.) 

Rotat lag  U iionr  acuelerat.ioii 
vector  (e.g.  '  i>a  rbocuc-spl  i ' 

Uoading  in  a  moving  vc4hJc.le 

rotation,  roLul.  Icjn  ab"'it  an 
of r-vort.it:oi  axi.s) 

2.2.1  Vi*ual-v«iitlbul«r  conflict 
Typo  r 

Watc.:hJnq  neeuby  Wcivefl  firoiti  a  .ship  rt-’jnilty)  in  .'lomt'  voul.  Ibiii/Ji  and  iioiH''  HDitmlu.'uonrjofy 
puicepl  ion  o£  t  ha  inoLion  of  tlie  ahlp  rwhulvo  t.o  iha  tj  ravin  at  Iona’  Mold  of  llio  I'lailh, 
whllo  .'JLH'liK}  only  r.lio  uncortoialod  motion  of  Llio  vaivyu  mi.jlivo  to  tho!  nhlp.  TIum 
.lituat-.ion  may  bo  neatly  pUicnd  an  a  Typo  i  conf  L  Ul. .  li  niLght  thi-n  bo  nn.'Kimed  that  llio 
pmliloKi  will  h(!  irodufod  by  w.ii'‘hln'j  t  1k»  lioii/on  r.d.hoi  t  ii-iti  w.-ii  r-., ; tin-  II.  .'.iliould 

not.  bo  nuncludod  that  Uiio  i»  ti»o  only  oauno  ol  a i okncnw  at  Jio.i:  wlion  .i  vt•.•5f^nl  with 

no  oiil.ni<l(j  viow  lijoin  ir,  Typo  Mb  v.U:»ja  1 -vonl.  IlntJ.i'  ('onfllot  and  l  horn  may  .iltjo  bo  .i  Typi' 
L  Of  Typo  lib  c’.iiia  I -i.a  o  li  th  croiif  Met,  . 

Vaiiouii  opLic.Ml  dovl.,;i.nj  ean.se  i  i  If.ii  1  on  oi  ol.lior  di  ;.U  oi  t  lun  o*  1  ho  vi.su.il  li-Md 

no  t  liat  natuial  head  tiKjvoinont  .n  joniilt  in  oii'-xport  i-ri  movoim'n' n  of  {}>>■  vifinal  m-  tmio  and  t\ 
V  i  Mu.j  I  "Voat  Ibul  ar  conflict.  The*  '  p{?eiidc}-r..ii- j  rd  1  .a’  lalfool  aM.-iinn  wnon  t  ho  lu.Md  in  inovnd 
wliMc  undoi  l.lio  Ll.lij.'jriiy  seriMid  ion  of:  iKuiy  rotatl«»n  Induood  by  pifo»niii.  or  pard  movcimi'n l  ol 
.i  nnr  r  ouiid.i  IK}  vl.Mii.d  (iold,  muMi  la  .i  mtatiruj  j'.il  l.oj  iu*d  drnni  (U  i  chq.in.'i  and  Ibandl,  19/1; 
.'UK?  .Sect  1  on  1  0 , 1  )  , 

Typft  ixa 

flltuatlunn  In  wlilr.h  theto  In  vioual  movoment  but  no  iiiovomf.oil.  uj  thi*  bexly  ran  bn  highly 
naii.'inacjt’ii  i  c  (o.g.  nnino  filmn,  f  I  xnd-ba.np  .a  i  imi  i  at  or  .s  .n»d  t  lu'  haunted  MwitK*).  A  1 1  liougii  noiiio 
ineriiiirig  to  I  Ins  nuilioM  may  Incioam?  Muj  pi  ovocat  iofj.  Mil;,.  In  nol  ennonilaJ.  h  i  oktiofi.'.i  can 
a  I  nc  bo  induced  by  i  I  1  ufi  i  on.'j  oj  'u?ll  moi  bai  b;J  i  cu  1  .arvoct  I  tin)  jjrt)duu<!d  by  the  movomont.  of 
paltetlKid  .sii,iiKiM  ill  l,hu  vlnuai  lit>ld  (ouu  huotiuii  10.2). 

Typ«  irb 

Many  furinn  ol  'travel  aickne.in'  may  be  at  least  p.irtlaLly  attributed  to  the  vnni- i  biiJ  di, 
percept  t  r?n  of  mot, ion  while  nol.  beln«|  ab.lo  to  noe  tiic  moLlori,  The  Hnnnory  conf  Unt  Tor 
cdiJldroM  in  t.hu  roar  .neai  oL  cain  partlaMy  ar  L;^os  fruiii  i  lujin  only  bulng  ablo  t.o  s'lin 
null  ion  inlalJvR  to  the  reii  of  l  lie  front  seal  lallini  than  i  heJ  r  I  i  un  mollmi  ir?l.il  Ivn  t  c:*  1  ho 
oulnidt'  (L.n.  dli}t..inl)  llelrJ.  Re.uliny  a  map  in  a  moving  vehlclo  iiiriY  al.'i''  he 

nau.'Uiogen  i  1.-  lot  this  rea.*5on  -  Miough  nucli  vi.nual  task  -  may  !)e  imne  provo<’al  Ivn  thin 
ob.'iOiVlng  a  flxwu  point  In  a  v».;hii:li». 


3*5 


2.2.3  Can«l-otolith  conflict 
Typ«  1 

The  croas-coupled,  or  Coriolis,  stimulation  which  occurs  when  the  head  la  rotated 
about  an  axis  other  than  the  axis  of  rotation  of  the  body  is  said  to  be  a  Type  t  canal- 
otolith  conflict:  it  is  usually  assumed  that  the  otoliths  tend  to  signal  the  oorrrict 
information  while  the  canals  jirovide  a  false  signal  -  see  Section  fi  beloWi 

A  different  conflict  occurs  if  thn  head  la  moved  during  exposure  to  abnormal 
translational  acceleration,  such  as  high  Q  aircraft  manoeuvres,  zero  0  in  .^spacecraft, 
acceleration  and  deceleration  in  cars  and  oscillations  aboard  ships.  In  these  cases  a  tilt 
of  the  head  will  not  give  rise  to  the  changes  in  otolith  signal  which  normally  occur  when 
stationary  an  Earth  during  exposure  to  IG. 

Space  sickness  has  aometlmoa  been  consioered  to  be  a  Type  Ha  canal-oto Litl^  conflict 
since  head  rotation  will  produce  ah  appropriate  canal  signal  without  the  normal  changes  in 
tha  signal  from  the  otoliths  which  occur  when  they  tilt  within  the  gravitational  field  of 
the  Rnrth  (Reason  and  Brand,  1975),  However,  voluntary  head  motions  which  are  awsociateci 
with  apace  slcknaas  are  thought  to  produce  acCeLeratione  sufficient  to  stimuiaLe  the 
otoliths  and  so  it  may  be  more  appropriate  to  idoritlfy  space  sickness  as  a  Type  I  canal- 
otolith  conflict  (see  Benson,  1977), 

Some  disorders  of  the  veatibular  system  caused  by  diaoast*  give  riao  to  symptoms  of,' 
motion  sickness  due  to  unexpected  contributions  of  signals  from  canals  and  otol ithjJ ,  and 
30  may  ais»'  be  classed  as  a  Typt*  l  conflict.  One  example  is  ditJonse  in  which 
both  balance  and  hearing  can  be  affected. 

type  XZA 

A  signal  from  the  semi-circular  canals  in  the  absence  of  a  elgnel  from  the  otol.ithn 
can  arise  from  tne  convection  currents  sot  up  during  caloric  stimulation  ot  the  canals  by 
irrigation  of  the  cuter  ear  with  warm  or  cool  water.  Similarly,  a  differenc.o  U\  tho 
apeciflc  gravity  of  tho  endolymph  and  cupulae  which  may  arise  from  Che  consumption  of 
alcohol,  or  'heavy  water*,  results  in  the  dupalae  being  doflected  by  gravity.  Both  of 
those  situations  can  produce  nystagmus,  dra^lness  and  nausea  with  the  greatest  utinmlat.’ on 
whon  recumbent  with  ono  ear  down.  In  this  position  there  in  a  strong  feeling  of  not  being 
movi'd  from  unchanging  otolith  signals  and  oomatic  senses  but  maximal  stimulation  of  tho, 
normally,  horizontal  semi-circular  canals. 

Type  Xlb 

Constant  apood  rotation  of  the  body  obout  an  off-vertical  axis  roaults  in  a  chtinge  in 
otolithic  at.imuiation  with  no  change  in  the  signal  from  the  canals  (see  .Section  (5),  This 
is  said  to  bo  a  Typo  lib  canal-otolith  conflict.  With  rotation  about  nn  lilurth-horizontril 
axis  at  about  10  rpm  on  s  'barbecue  spit',  naurea  many  be  produced  in  n  few  mliuitos.  A 
similar  conflict  occurs  if  tho  body  is  occlllat.d  in  translation  si  low  f requenc les ,  smeh 
as  on  a  swing,  in  an  aircraft,  ot  aboard  a  ship  (see  Sections  3  and  4) . 

2.2.3  Signifieanoa  of  tho  thoory 

When  providing  a  qualitative  explanation  of  the  causes  of  motiori  sicltneos,  tho  aenaory 
conflict  theory  is. often  sufficientj  all  known  causes  of  aloknnnu  arc  accommodated  by  the 
theory  and  it  suggeata  some  upiefui  preventive  meaBures.  Ita  greatest  value  appears  to  be 
the  identification  of  tho  relevant  sensory  systems,  thelc  interactions,  and  tho  foundation 
that  this  provides  Cot  the  concept  uf  sensory  rearrangement. 

l‘hB  sensory  conflict  theory  does  not  indicate  how  sensory  conflict  can  be  measured  and 
-it.  therefore  provides  no  quantitative  information.  It  cannot  be  used  to  identify  which  ul’ 
.•geverai  posLslbia  conflicts*  In  an  unvJ  lonment  is  moat  significant,  The  sensui.y  coni'lict 
theory  might  be  used  to  anticipate  whether  some  combination  of  stimuli  is  likely  to  be 
nauseogranlc  but  it  canrjot  be  used  to  predict  the  extent  of  any  symptoms,  or  how  they  depend 
on  the  magnitude  of  motion,  Iho  type  ot  motion  or  the  dvjration  of  motion. 

A  development  of  the  sensory  conflict  theory,  employing  control  theoty  and  baaed  on 
tJio  means  whereby  the  visual  world  appears  to  be  stable  despite  movements  of  the  head  and 
Q,wB  (i.e.  'efferencB  eppy'),  has  bebn  elaborated  by  Oman  (1982).  He  proposed  that  the 
.site  ot  visual  perception  receives  a  'copy'  of  the  effetenL  signals  sent  to  the  eyes  and 
contains  a  model  of  how  the  sensory  pathways  operate.  If  the  model  fails  to  account  for 
the  received  sensory  information  it  evetitually  adapts  but,  initially,  'reports'  conflict; 
and  ptoduces  nigna  end  symptoms  of  motion  sickness,  A  separate  system  model  of  motion 
sickness  was  evolved  by  Riejdel  119B0)  and  in  also  based  on  sensory  conflict. 

2.3  Othvc  fch«orl«« 

Botno  motion  sickness  theories  have  incriminated  oomatosensory  proprioception  of  joint 
»n  visceral  movemeiit  while  others  have  blamed  the  '  sioahing  of  the  blood'  or  the 
riuct.uatinq  mechanical  pressure  of  blood  or  stomach  (e.g.  Wollaston,  1809).  Such 
uuggeHi. Iona  are  generally  discounted  by  evidence  that  an  impaired  vestibular  system  imparts 
immunity  to  sickness  and  tho  tempting  corollary  that  the  vestibular  ayatem  is  'responsible' 
for  aickhcsw,  'Overstimulation  theories*  attributed  elcknesa  to  excessive  stimulation  of 
the  veetibulai  system  and  orientated  the  discussion  towards  whether  tlie  otoliths  or  the 
semi-circular  cancils  were  responsible. 

3.3.1  Otolith  tilt  rolntorpiatatlon  thooicioe 

A  '  tilt'  tranaiatlon  reinterpretation'  hypothesis  (Young  et  al,  1984)  and  an  'otolith 
tilt-tranr.lation  reinterpretation'  hypothesis  (Parker  *C  aX,  1985)  have  been  advanced  in 
the  context  of  space  aickneas.  The  absence  of  a  gravitational  field  in  space  means  that 
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otolithic  aifjnala  only  arise  from  translational  head  movements  -  unlike  on  earth,  whore  the 
moat  common  cause  is  assumed  to  be  the  roll  or  pitch  of  Ll^e  h«ncl  through  tho  gravitational 
field  of  the  Earth.  Roil  and  pitch  head  motions  in  microgravity  will  give  signals  from  tho 
semicircular  canals,  and  relative  movements  of  the  perceived  visual  scene,  without  the 
expected  oiqnula  from  the  otoliths.  Astronauts  have  commonly  reported  that,  early  in  a 
flight,  pitch  motions  of  tho  head  provoke  symptoms  of  sicknoaa.  Immediately  postflight, 
astronauto  who  have  adapted  to  mlcrogravlty  exhibit  decreased  postural,  stability  with  their 
eyes  closed  (Young  et  ai,  198'!}  and  decreased  ocular  coiinterroll ing  during  tilt  (von 
Baumgarten  et  ai,  1984) .  Both  observations  are  consistent  with  adaptation  to  microgravity 
resulting  in  a  failure  to  interpret,  roll  motions  of  the  head  in  a  gravitational  field  as 
rotation.  It  has  also  been  observed  that  immediately  following  spaceflight  some  astroMSUts 
percialve  roil  motion  as  horlvsontal  translation  and  that  roll  motion  induces  more  horizontal 
eye  movements  (Parker  et  ai,  1985).  A  'prophylactic  adaptation  training'  procedure  to 
encourage  the  appropriate  microgravity  relationships  between  otolithic  and  visual  signals 
prior  to  spaceflight  has  been  proposed  by  these  authors.  These  hypotheses  may  be 
considered  as  lending  further  support  to,  or  refining,  the  all-ombraclng  sensory  conflict 
theory . 


2.3.2  theory  of  motion  oiaknoso 

It  has  been  suggested  that  the  causation  of  motion  sickness  might  bd  partially 
explained  in  terms  of  inapproprlsto  (i.e.  unnecessary,  unoynchroni.iod,  delayed,  or 
opposing)  reflex  teaponsca  to  movements  (Griffin,  1990).  Reflex  responses  normally  arii^o 
from  the  interpretation  nf  signals  from  the  various  sensory  systems  capable  of  dotocting 
motion.  The  standard  intorpretation  of  these  flignal.s  will  be  Incorrect  in  some  situations 
and  now  reflex  reapcnaes  will,  need  to  be  developed.  Motion  sickness  is  asstimed  to  ariae 
from  tliQ  'conflict'  between  inappropriate  reflex  reaponsea.  The  theory  is  therefore 
centred  on  response  conflict  rather  than  .s’en.vory  conflict.  It  is  euggetated  that  while 
sensory  conflict  cannot  bu  ra^jaaured  it  may  be  possible  to  moaauro  indicators  of  response 
conflict,  Novertheleaa,  the  suggestion  appears  to  be  broadly  compatiblo  with  boDi  the 
fjenaory  conflict  theory  and  tho  otolith  tilt  rointorprotation  theories.  The  roflox- 
roaponse  theory  may  oontr.ibuta  to  understanding  Dio  t  ime-dopenciant  nature  of  tho 
development  and  recovery  from  motion  alckncsa.  It  may  also  suggost  .some  meaautable 
parameters  of  both  the  motion  and  human  reapon.se,  This  theory  does  not  discount  a  roio  for 
BomaUoaensory  perception  in  motion  sicknoaa, 

2.4  AppXleatien  of  motion  lioknoii  thoorioo 

T'ne  sensory  conflict  theory  cannot  be  tested  by  experiment  .‘jlnoo,  while  it  provides 
a  framework  for  what  has  been  observed,  it  makes  no  precise  predictions.  Rlnca  tho  theory 
cannot  bo  disproved,  it  may  be  aasumod  to  bo  either  broadly  correct,  or  irrelevant,  The 
thoory  does  not  make  quaiiLitativo  predictions.  Iridoad,  it  Implies  that  sucIj  predict  Iona 
cannot  be  made.  The  effects  of  changes  to  tho  quantity  or  quality  of  motion  stimuli 
cannot,  theroforo,  bo  inferred  from  the  sensory  conflict  theory, 

Any  explanation  of  motion  nicknetni  in  ternus  of  the  sensory  conflict  ttmary  l.a 
thereCot'O  qualitativo  ai'd  does  not  provide  «n  axf)lanrttian  of  the  pliyslcal  causua  of 
slcknt^sQ.  Although  some  later  l.tieorleB  attempt  to  move  the  thsory  forward  thoy  ato  also 
insufficient  to  make  oonfidont  predictions  based  on  physical  medsuroments . 

In  the  following  neotiona  some  of  the  available  quantitative  data  aro  presented,  The 
ocourtence  of  motion  aicknows  with  tho  individual  .stimuli  should  be  accommodated  by  the 
seiiooty  coni  Hot  theory,  and  all  other  thooclua.  However,  curi-ently,  onl.y  tha  cixporlmental 
data  show  quantitative  relatlon.'jhips  between  the  physical  oaufjo!-!  of  sickness  and  thu 
v.:ir.lc)U{5  sign  a  and  .‘symptoms. 


3  .  TKANSIAT ZONAL  OSCILLATION 

3.1  Vertiaftl  oaaiilation 

iSiiUclies  have  .shown  that  low  rroquiMioy  viul  i  n.’i  1  one  i  1 1  .it  lorj  can  '.Mu.ne  yloknuMM  In  boMi 
man  and  ari-lmalt,, 

3.1.1  Human  atudiei 

Morton  et  ai  (1947)  report  exposing  five  subjects  to  up  and  down  'notion  in  a  lift  over 
a  distance  of  about  b  metro.s  with  an  acceloratlon  of  approximately  X,7  mw and  .i  nwKimum 
.speed  of  -1  The?  exact  characterl at  I cs  of  the  motion  Were  not  stated  but  It  was 

repui  t.ed  that  four  out  of  ths  five  .subjocta  became  sick  In  a  period  of  10  to  30  mlnui.en, 

The  first  major  series  of  systematic  labotaVory  al.inlic.a  of  tho  product  inn  ot  iiiol.ion 
nlckrieaa  in  man  by  vertical  oacllLation  weie  conduc;ti?d  wlt.h  aovuial.  iiundrud  Naval  c.ulei.a 
and  Ate  .'jornotimea  LGCerred  to  as  the  'We.sleyan  University  .studltui'.  An  elnval.oi,  oi.  lift, 
capable  of  5.5  riuatrea  cf  dlnplacement  (peak  to  peak)  wau  used  ro  Impart  ?.0  rntnuto  oxponurcfi 
to  allernatlng  perioda  of  constant  accelerut  Ion  aiid  coturtant  velocity  so  that  the  roaultinq 
displacement  v/aveferma  were,  very  approximately,  Biiuisoldal.  Tlie  11  rat  nt.udy  Investigated 
tour  different  frequerjcles  (0.22,  0,27,  0..17  and  0,5.3  Hz)  and  pfodu<!ed  the  ooncLus-lon  that 
the  higher  Irequenclea  resulted  in  lerja  aicktiusa  (Aloxander  ot  af,  1  945a).  T)io  second 
.’^trudy  showed  that  Increasing  tlie  magnitude  of  the  motion  (at  about  0,37  Hz)  increased  the 
iiicldence  of  nlckncya  (AIex.ander  et  aJ,  1945b),  The  third  study  nsod  fjimi.lar  froquenclu.s 
to  the  first  .^tudy  but  changea  to  the  periods  at  constant  acce  Le  rat  ion  allowed  I. lie 
generation  cjC  dlftoiGnt  magnitudo.s  of  motion.  The  data  again  shewed  greatest  sickness  with 
lowG.3t  frequencies.  However,  comparison  of  the  results  with  those  from  the  earlier  studios 
resulted  in  the  conclusion  that  moderato  magnitudoa  of  motion  produced  the  most  motion 
sicknevss  and  that  the  highest  magnitudes  produced  least  sickness  (Alexander  si  ai,  I94bc), 


■I'he  lioiiriih  at  udy  invriat  igaLc  i  t.ho  olilont  \y{  iin6YJiiiTtotrlod.L  wavul-utiriu  (Alexandet  et  ni, 
19^in:i).  A  ioter  study  produced  furthei  data  with  the  <3amo  frequenciewT  (Alexander  et  ai; 

i.orn  . 


The  above  results  trom  l.hn  Woa.lt*yan 
Univeiaity  studies  have  been  toanaiyaed  so  an 
to  express  the  vomiting  incidence  as  a  function 
of  r.m.n,  acceierat ion  for  each  frequency  (see 
Kiguro  1  and  Lawthor  and  Griffin#  1987).  While 
there  is  scatter  in  the  resuLtn  it  in  apparent 
that  vert:  l.c-io \  acct;  lerat  i  an  at  0.!?.7  Hz  produced 
less  vomiting  than  the  same  acceleration  at 
0.37  Hz#  ani  both  f  roquencies  produced  leas 
vomiting  than  accoLeration  at  0,27  Hz.  Other 
publication®  in  thti  Horlo'j  report  the  absence 
of  a  rolLab.1-  effect  of  t  i.me>  of  day  on  sloknoao 
uninq  thi'  ’.1  cv/it  o r#  a  correlation  licitween 
rj  1  cknoijs  or  the  elevator  and  responsea  to  a 
quest  ionnai  I hi.ntory  oC  motion  sicknoaa#  an 
attempt  to  find  effects  of  motion  nlcknoss  on 
taak  performance  and  show  the  abaetice  of  n 
nlgni  ticnni.  effect,  of  toinperat  ure  on  motion 
nicknonn  In  t  ho  olovatDr.  Pttidlea  of  the 
officai’y  of  rinLi“-motion  .M,.cknosM  drugs  wore 
a  Imo  \ii‘ide  rtakon . 


Vomiting  inoldenoe  {%) 


2-  a  4  6  a  7 

AooBleratlon  (ms'*  r.m.a.| 


'I'lu'it  o  h.TB  bF'Ott  only  on.?  (.iLliet  m.:i  )i)r  nuriori 
.,)f  Uibocattu-y  t  iivosif.  hj.st.  Iona  ol  tin-  rnlciujijli  i  i  ,  i ,, 

bnliwouM  phyalonl  ohatlrl  nr.  i  at  lea  of.  vortical  ^  ‘ 

motion  and  mot  ton  lankn'ni.a  In  luim.tna.  the  ,  ..  froaiionclnn  of  dl  slorteiri 

.Invofil-.lgationn  wiiiro  uiitlortakop  by  lliinian  Facf.orii  sinuaolf'al  vortica l  ' mot J on IData  from 
Uoarmiroh  tnu  using  a  2,4  iiieCto  aqiiate  c:.loBed  ,,t  .ff 1  o,iv  ^ 

r„ibln  auppori.cid  hy  an  hYdrau.lIc  motion  ayutnm  ''loxandoi  ot  al,  1947), 

capfible  of!  C.L  metro}?  of  vi^rtlcaL  di  sp*  Lncninont , 

i  15  degroea  of  roll  ^mkI  j;  15  degruoa  of  pitch  (tlio  axon  rotation  wore  upprox,lniatuIy  O.'l 
liKM.r.?£i  l-olow  tho  Clooi  uf  I  he  cabin).  Thw  first  study  oxpoaud  groups  of  20  to  .33  aubjnetn 
to  each  of!  1<1  oxporlmontal  conrJitlonn  lnvo.lving  Viiriouu  mcjgnitudea  of:  vertical  sinuHoldnl 
motloh  oit  0.003,  O.JfiV,  0.333  and  0.500  iiz  fOMlanlon  and  Modauluy,  lirM),  Seated  hubjectn 
:uji:  w.it'h  hoada  on  a  he  ad  rest  during  cxpoauio.'i  of.  up  to  2  hours!  with  no  oxti-jriial  v.iow. 
VomlL  IncldoricX!  tniigcd  from  0?.  to  OO'lv  witli  hlghoi;  m-agnitudeo  of  acceleration  be,ln(j 
roc".ii.i.'od  to  gonciaLo  uloHnoya  at  thn  higher  ftoquoncioa/  at.  each  frequeiuiy  the  vuinitincj 
Incidence  i  uii^roii.Rwd  with  1  nci:ea.<i  1  iig  acnolur.iitioM  magnl  tudta .  Thu  f  coquoncy  •  of;  maxitmim 
.‘•'ten.';! 1 1  vl ty  to  notion  Micknesa  wa.s  found  to  bo  0.lf>V  Hz.  Tho  nuthor.s  propoaod  a  foriiuila 
for  calculating  'notion  Hlckriess  Incldoncu  (MSI)  over  2  liourr.  baaed  on  tlie  .integriil  of  a  log 
■ioi:mal  funct ,1  on  of  ac.rtoleiat  ion.  The  mean  value  of  the  lunot  lon  apecif  Joti  tho  accolorotion 
rnqi.i  I  rod  at  o  part  ,i  cuJ  u  i  frequency  to  qonor.ute  50'f  vomiting  (noo  .Section  3.3. L  below). 

McC.'auley  et  ul  {1971)  extendod  the  Inltiial.  .'itudioa  to  frequencies  abov-r*  0.5  liz, 
Invoutlgatod  rusponsju  to  pltcli  tuicl  roil  motion  and  exaiuinwd  habitUi^tion  offecta.  .Studicin 
witfi  O.'i,  o.(i  and  U,7  Hz  ahowod  tiuit  motion  alckne.nn  lncldom;e  contlnuod  to  deoroaso  au  thcj 


Vornlilng  {%) 


Vomiting  (^) 


1  h  expoBuroB 

2  li  expoBuree 

•  Afier  fl  day  Interval 
°  Aflor  6  dey  Interval 


Day  of  expoaure 

IPigutA  2  llabi  t. licit  ion  In  i  w«.)  groups  of 
vTubjectfl  expofiini  on  ‘dve  uccn.'jlons,  On« 
group  nxpaacd  tcj  0,25  Hz  at  2.2  ms  '  r.m.o. 
and  tlie  other  cfroup  exposed  t.u  0.25  Hz  at 
■'.3  (luita  from  McCciuloy  at. 

a  I  . ,  I  r!b)  . 


Day  0^  exposure 

l‘iyuc«  3  Habituation  in  two  gtoiipi  of 
fuib|f=ctii  expoawd  to  0.2'j  Hz  vorilcul 
alruiaoidiil  mat  ion  at.  :l,3  iti,y  '  r.m.-s.  on  6 
occaa  lon;« .  (Vomit  i  ng  i  nr  Idcnce  sliown 
after  1  ti  ot  motion  exposure.  Data  from 
Mi:Gaiil«y  el  al., 


.....uNvrt 
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frotiuoncy  waa  i.ncreaaed  il  Ihw  acciiiei  ..m.  iii  mngiij  LuUt  was  unclianytHi .  ^iily-  i  (i.u, 

41.)  bGoame  sick,  with  0.7  Hi  vertical  at  *>.^5  ms*  r.m.s.  With  roil  or  pitch  motion 

(at-  O.llTi,  O.^.TO  or  0.34b  Hz  with  mau;* •  > -.cles  of  5.b  to  33.3  dcy  r.m.s.)  added  to  a 
voLLicdl  motion  of  0.2b  Hz  at  1.1  n-.a  '  r.m.a.  the  lnolden<’f?  of  sicikness  was  not 
siqnl.I:iccU.tly  diiiorent  from  sicKnecs  ..Ah  the  vertical  motion  a.lone,  Ni  subject  vomited 
w.lt.h  roll  motion  alone  (33.3  d( '  at  0.345  Hz)  but  two  subjects  vomited  with  this 
macjnll\jde  of;  pitch.  The  authors  infer  thqt  the  results  support  the  conclusion  that 
vertical  motion  is  the  cause  of  seas Lckne.va  and  imply  that  head  moclon  during  vortical 
oaciilrttion  may  not  contribute  to  a.lcknGa.s. 

Three  oxpei  Linental  studios  ot  h.ibituation 
ai:o  toportod  by  McCauley  ot  al  (1976).  Tho 
first  experiment  involved  exposing  20  mal«* 
five  occa.*iion3  to  0.25  Hz  vortical 
motion  .It;  2.2  ms*  r.m.M,  The  aubj-'cta  had  all 
prov  1  ou.3l y  vomitod  when  exposed  to  Mils  motion. 

The  iticJdonrie  of  mot  Lon  sickness  roll  during 
tlio  five  expori'itontal  sessiorui  from  751.  to  301.. 

The  second  and  Uiird  experiments  with  ailqhtly 
I'ii.tforent  expoarroH  involved  small  groups  of 
males  and  fom.i'ea  and  ahowod  a  similar 
hiibltudtion  Qi'Cect  but,  after  a  period  of  7 
days  wilhout  motion,  suscept  Uil 1  Ity  increased  - 
MuqgciU.  I  rig  that  tlilH  Intervai  was  sufficient 
for  nubjneta  to  lose  some  protection  from 
motion  nicknos.s.  Figuro  2  shows  t:h.-^t  t)it>  r.itn 
of  habit  lint  Ion  was  greater  in  experiment  2 
(with  3.3  ms'*  r.m.}i.)  than  in  oxporimont  1 
(wU.li  2,2  mu  '  L'.m..s.)  -  tho  author.s  auguosted 
that  tills  m.iy  bo  because  habituation  io  ai.oater 
when  the  .’jll.-nulus  is  morn  nauneogon-lc .  'Figure 
3  shows  Ihf^t  thQ  rate  of  iiabituation  was 
qrnat'Mf:  in  tun  firm  iiour  of  experimont  2  (2 
hour  expoftid'c.u)  llunn  In  exporlmont  3  (1  hour 
nxposu.tew  1  .  V’h'S  retention  was  al.no  groat.oi;  in 
Diu  group  oxpc.yud  to  2  hours  of;  motion  per  day. 

Again,  t)iO  mo.’Q  nauseognnic  exposure  restiltod 
in  ijiroritcT  hab  U'-ii.'it  ion  . 

IMguio  4  i  Limit. ralo.'i  the  i.  iact  In  the 
Uwlduhco  oi  metion  aickm’ss  with  Increasing  duration  of  oxposuro  to  four  f nogupneios  of! 

motion  as  rupc.tnd  by  McCauley  cl  ci.t  (1976),  They  ropoit  Dmt  tho  cumui.it.tvo  motion 

slckiu-nm  Inciclniico  a«i  a  lunotlon  of.  nxpoouro  tlmo  can  be  expronsod  in  terms  of  a  log  normal 
dint  iMbutJon.  An  nquatlon  lo  offerod  to  oxpi'oaa  motion  slcknons  an  a  function  of 
I  reguoiK:y»  aoiioi oration  and  expuuutu  i  Imo  (soo  {-Joction  3.3,1), 

Thu  i-il'lnci.  )l  uuc.i i Ir.U  i on  frogueticy  on  motion  sickiionu  is  sliown  i,n  Figuivi  5  for  2.  hour 
Mxpouuj  wj!  to  vn  i  ous  iiiagn  u.ucJch  ol  mot.  hjii,  TIh.'sv  data  .show  a  dear  dneroaso  in  tho 
vhinJling  IncLden.’o  tJtoducod  by  vuitlcnl  sinunoldal  ncc«’;  lei;.it  Ion  with  Increasing  liroquency 
I  rom  0.213  0.7  Hz,  Figure  0  nliow.u  rliat.  at  frcgnuriclon  iDotwoon  0.167  and  0.60  ilv.  tho 

I  ncrf.iMC’.-v  in  v.jr.i  i  liu)  iix-l'lc-'iire  wLin  lncr«Mi)on  in  fhe  nwignltud*-*  ol  tho  mot  ion  were  noai  ly 


Vomlllna  (%) 


Exposure  time  (minutes) 


figur«  4  Increase  in  the  numberKi  of. 
persona  to  huvu  vomited  with  inoraasing 
duration  of  exposure  Lo  four.  Ctcquoncios 
of  vectioal  sinuncidal  mot.lori.  (Dotn 
from  McCauioy  et  al,  1976). 


F  requency  (Hz)  Aoaeleratlan  [iTia"*  r.m.a.) 


riguen  S  V,aiiallori  in  vomit. ing  Incidence  figure  6  Variation  in  vomiting  incidence 

wltii  thn  t  ivciufjii  .:y  uJ  vejrticuii  alnuaddiai  with  the  magnitude  of  vertical  sinusoidal 

mr.'i  loll  {''.M  2  lioni  Hxpooiu'us  to  Various  motion  for  2  hour  expctiurefl  to  various 

iiidgn  i  Uirhi.M  nf.  itiotUm,  (D.uta  I.  rum  Mcc.auley  fcequonclea  of  metion.  (Data  from 

Mt  al.  igVfi),  McCauley  eh  ai.  1976). 
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linodi.  Thti  indunwt  In  which  vomlLiiiy  incidence  varied  wiLh  both  hhu  niagiilLude  an.l  Lhe 
frequency  of  vertical  sinusoidal  motion  is  shown  in  three-dimensional  form  in  Figure  7. 


Guignard  and  Mc('auley  <1982) 
investigated  the  effect  of  adding 
harmonics  (at  0.33  or  0.50  Hz)  to  a 
fundamental  frequency  of  0.17  Hz  vertical 
sinusoidal  oscillation.  The  authors 
report  no  statistically  significant 
difference  in  the  incidence  of  vrmltlng 
piuduced  by  the  five  conditions  atudied. 
The  motion  sic)cness  incidence  varied  from 
50  to  78%  in  the  five  conditions  and  are 
reasonably  consistent  with  predictions  of 
40  to  50%  using  the  motion  sic)cnes3  dose 
vaiue  procedure  defined  in  Section  3.3,3. 

While  studies  with  artificial  stimuli 
have  involved  sinusoidal  and  psaudo- 
sinusoiddl  stimulii  several  investigations 
have  been  performed  with  reproductions  of 
recordad  motions  from  vecaela.  For 
example/  Malone  (1981)  and  Anderson  et  ai 
(1934)  summarise  results  obtained  with 
reproduction J  of  motions  predicted  for  a 
surface  effect  ship  travelling  at  various 
speeds , 


InoidinGt  ol  vomiting  (%) 


figure  7  Variation  in  vomiting  inciclencG 
with  the  frequency  arid  the  magnitude  of 
vertical  sinusoidal  mrtton  for  2  hour- 
exposures.  (Figure  derived  from  Griffin, 
1990) . 


3.1,2  Aniaul  ttudlAa 

Sjdberg  (1931)  madfl  dogs  motion  oiclt  using  vortical  osciUntion  generated  by  a  seooaw 
arrangement/  an  elevator  and  a  crane.  Studies  wore  also  undertaken  with  human  subjects 
(see  jdberg,  196B).  After  trying  a  four- poJe  awing  and  a  complex  turntable  giving 
continuous  rotation  and  pitch  oaciilatlorw  dc  Wit  (1957)  found  that  vortical  ooci 1 iai.  I  on 
of  ('ogn  in  a  cage  suspended  by  a  spring  (0.33  Hz,  2.5  metro  oxcuLsiori,  4  ins’'  ir.nujj.)  wa.9 
more  effective  in  causing  sickness  in  dogs.  Exposures  of  minutes  wero  sul. I.‘lcienl.  to 
cause  bickne.ss. 

Using  a  moans  of  oscillating  cats  vortldaliy,  McCabe  arid  Gillingham  (10fi4)  wero  abiu 
to  caufjo  aicknoua  in  ail  animals  with  an  approximately  otnusoidei  acceleration  of  about  4 
ms  ■’  r,m..y.  (frequency  unknown)*  There  was  no  apparent  dlCferenco  In  Hic5knusH  botwaon  thoHo 
L'reo  to  move,  those  who  rooted  their  haado  on  tho  floor  and  those  whoae  ImadL!  wore*  LM.xod 
by  a  ' tooth  bar' . 

Surl  et  hI  (19VD)  reported  that  0.65  Hz  vertical  sinusoidal  osciliat inn  uL  4.1  mn 
r.m.a.  produced  yickness  in  catsj  22%  vomited  within  20  miriutt=*n.  Dor.lMon  an:)  )'*OL‘].fson 
(1906)  produced  sickness  in  cats  with  3.5  m.s'*'  r.m.a.  vertical  o.sciilation  at  about  0,5  ilz, 
Twenty  mlnutea  vortical  sinusoidal  0.6  Hz  oscillation  at  3  mo  ''  r.m./i,  has  also  bean  ahown 
to  produce  vomiting  In  oats  (Fox  ot  al,  1987)  .  These  authors  found  Lliat  Lhiu  frequency  of 
oflciliation  with  a  displacoment  of  0.5  metres  (2,. 5  ms  •'  r.m.s.)  aiao  caused  vamitiny. 

UsJ.tig  vertical  aJnuooidal  osoUlatlon  in  t).o  i;ai;-.K«  0,17  to  0.33  liz,  wU.li  acceloratitinij 
in  the  range  0,2  to  1,3  ms*'’  r.m.s.,  Wiipize.Mkl  ol  al  (1*>87<i)  found  yquUrel  moii)<r‘Yn 
reti I nl' :'.nt  to  motion  aickmn.s,  oi  11  monkoys  lilqiily  nuscnpt  il>lo  to  lotutiuii  .jl’ioiit  a 
voriLocil  axis,  oriiy  1  v'om.ltecl  when  oxi’cjsotl  in  vorLIral  niic  I  I  lat  Ion .  Tli*!  ui.heru  wnn.' 
exposed  to  2  hours  per  day  for  up  to  10  days  without,  nitps  ot  slckriusn.  Wllplza»kl  .*  / 
(19B7b)  r-uporl  thfil  vori.iral  sln*i.Moidiil  oscillation  <\(  (J .  2  Hz  lluuugh  a  rll  si.' 1  <»( 

2. OB  itiet.rcs  (l.c.  1.2  ms  *'  r.m.s.)  produced  Mlckmsos  in  only  lew  squirrel  monkuys  wLLliln  l.wu 
hours . 


Tlie  liouHG  mu/ik  shrew  appf'srs  !•>  be  leas  .aiiacopt  Iblo  to  motion  .''lc:knes:*  with  vertical 
o.ac 1 1  lut  1  on  than  hori'^ontal  oscl  Ll.-.Lion  (Kajl  e?(;  al,  1990).  FULaen  minute  cxpusuti’s  to 
t  rGqucnc.lcy  between  0.25  and  2,0  Hz  wlUi  a  diuplacemunt  at  40  min  rnouitocl  in  iit.i.).e  or  no 
vumiting  at  0.25,  0.5  and  2  Hz,  but  significant  probloma  with  i  tlz  verlLcal  oaci  Lint  L<ui . 
Novofthwiesa,  the  overaii  effect  waa  leaa  than  wltti  5  minuiie  BXp'''auces  to  sliuJlrti 
fiiagniludea  of  hot-Lzontal  oacillcitlon  (.ace  fJectlon  .3.2). 

3.2  Hpriiontal  oaeillatlon 

Any  subatantiai  atudios  of  tlie  extent  to  which  hor.lzcintai  one  1.  Hat  Jon  of  iiumana  eaunua 
motion  alr.'kneaa  have  yet  to  be  pubUsheri.  It  baa  been  reported  lha'  I  ho  houae  muak  shrew 
(Suncun  murinus)  c.iri  be  made  to  vomit  by  5  mlnulR  expoauroa  to  liorlzantal  osci  ilat. ion  of 
25  mm  dlaplaceinerit  at  0,5,  l.O,  2.0  and  3,0  Hz  (Ueno  et  al,  1980)  .  About  20%  of  anJm-.  ls 
vomited  at  0.5  Hz  while  65%  to  00%  vomited  at  the  three  higher  f rnqucnc i es .  With  1  Hz 
oaoiiiaLioi),  H  Hiiiiilar  percentage  vomited  when  th*‘  oaoiLLation  lilspLaaement  waa  reducuJ  i.q 
10  mm  but  nil  animaie  vomited  when  the  dlaplacement  waa  increaaed  tn  40  mm.  Tiifirn  wn** 
liab  1 1  uat' I  on  to  motion  with  repeated  expoaunas  and  aome  drugs  were  found  to  toduce  n.oti><n 
sickness  in  the  animals.  Other  studies  ohowed  that  with  a  dlaplaceinent  c!;  40  mm  nnd  a 
frequency  ni:  1  Hz  the  house  nua);  ahrew  waa  oimllarly  sf^foated  by  fore** siid-aft  niotiun, 
iateral  motion  and  a  circular  motion  (formed  from  the  aummatlon  of  the  oth*?r  motions  with 
a  9f]  degree  phase  shift:),  The  anlinai  was  more  .susceptibJ  e  to  horizfintal  oacl  V 1  fition  1  ban 
vertl'-*il  uscJlldLJon  (Kinjj  et  at,  1990). 


.MO 


3.3  Standard*  for  avaluatlng  translational  oacillation 

All  current  atandflidfi  Cor  ovnluatlnq  motion  with  ronpocU'  to  moti.ori  .‘siuKtJoaa  riie 
loat.firl  eid  Lu  the  aaaosaniehL  of.  vortical  oa  1 1.1  1  at  J  on  occtirilncj  in  the  x-axi.^s  of  the  body 
(i.c*.  .in  the  Ment.-to-hoad  or  foot-to-hoad  axlH)  .  Sinco  translational  oaoi  .1,  J  ai  iori  in  ot,hc;i' 
aXGG,  ennt  inuouD  rotntlon  (witli  or  without  head  i(»  •vens’nt.y) ,  movomfuit .t  oI.  t  )\e  viaual  scoto 
otc.  can  cause  motion  si''‘knnan  it  should  not  he  aasiimed  that  tho  use  of  Lheoo  ataitJarcls  ir 
a  auff.icient  meana  of  preej  ici  I  nq  motion  aicknoss  in  ali  onvlronmenta ,  It  is  not  cleat, 
whloli  environmenta  can  be  aascoacd  with  these  siandards  but  they  nro  mainly  applied  to 
boatrj  and  ahipa, 

3.3.1  MoCaulay  At  *1  studlff* 

From  the  results  of  laboratory  atudLea  ofi  motion  .sicknesn  cauaed  by  v;trt)cal 
oacillatioti,  a  series  of  tormulae  for  predicting  motion  3ickne».s  incidence  fMST)  v/oire 
propooea  by  0' Hanlon  and  McCauley  McCauUiy  and  Kennedy  11976)  ii..!  ML;t.;auio7  et  al 

(1*576).  The  method  appllo.s  to  motion  in  the  frequency  range  0.00  to  0.63  fl?.  with  maximum 
son.^Ltivity  to  acceleration  at  about  0.16  Hy .  The  aTsumption  that  MHl  wil.  vary  I '  h 
acceleration  and  with  time  in  og.ival  form  (i.e.  a  cumulative  normal  di  jJt  r  ibut  ion)  r.esultt^d 
In  aomowhht  complex  mathematical,  operations.  Motion  sloknosa  incidence  (Mfll),  nxpre^jood 
as  a  percentage,  ia  aaaumed  to  bo  the  product  of  a  term  tepi eaenti ng  the  li'flunncc  of 
motion  magnitude  and  froquenoy,  and  u  ttM'in  expresaing  the  effect  of  motion  dural; ion, 
P,s 


- 1 


1 


*  100  P*  Pt 

The  term  P.,  in  cnlcuiaiyd  from  a  l.cti.m,  quant. 1  fy.l ng  the  effect  cf  magnitud'*  .'ind  frnqu'.'noy 
and  a  term  de;icr.ibing  the  form  of  a  cumulative  'lormal  distribution  (in  prdcL.lue  Lh.ia  may 
be  obtained  from  atatlytlcal  tabJoo).  The  effoot  of:  magnitude  tuid  Crj<}Uoncy  wan  determined 
ft'^rr  fi  outvw  dencriblng  tiio  acce  1  oration  requ  1  rorl  to  produco  vomit. ing  at.  various 
frequencley  In  iiCU  of  pornonu  during  two  hour  eKpojiiiresj 


«  il.l3logf„r3  -  9.IiHlog,„f  -  h  .  ni  ( log,n  0  ^  -•  1.0V> 


Whero  a  Is  tho  r.iiuo,  accseleration  in  g/  f  ia  tho  frequoncy  in  H/,.  Thti  tnrm  P,.  is 
oalculated  slmiiurlv  to  give  »  value  for 


Xr  "  y.  log.ot  «  -I .  n  •  ii  .90 


where  t  ia  tho  oxnofjnrQ  timo  in  miuut.os. 


Valuoa  of  P^,  and  P,  obt'iinod  bv 

.lon.'ju U:  1  ri'j  n  table,  of  the  normal  dev.lrro  v. 
'It  thd  vaiiujo  of  Xa  ^’’nd  /.  re.gpect  ive ly .  For 
oxamplo,  u.tl'  a  CO  miru  t'Xpnnure  to  a.\ 
acoH  1  Ion  of  2.\  ms''  c.in.s.  (i.e.  O.iil  g 
r.m.s..)  vertical  alnunfdd-'jl  motion  at  o.yj) 
llx,  v.y,  “  0.19  and  0.07  no  »■  0.!)"'  and 

I’’:  O.Bl  giv.ing  j  piocli  tod  nx  '  ioti  s  I 

incidence  of  461.. 


3.3.2  tnt«rn*tion«l  StandAvd  26?1  P.irt-  3 

(X.UJ5) 

Pall  3  .if  t  h  I  ft  .'ilundard  n  the 

iii.Kiii  i  I.  ufik;-uy  ol'  vertlc.-a;  orjc  i  U  at  l.*ii  In  i  ho 
J  utujv  0.]  I  (.)  C.oi  iix  cxpi?-:’!  ‘d  I'  pi  ,i 

1  Ov.  inuldciuo  .if  si.  knoau  in  rilll.lnq  oi 
i.Uiindinq  fll.  vcuikj  men  over  70  min,  ?  h  nnd, 
t'-fii.at  i  vel  y,  an  8  h  ex)'onuj-o.  The 
maqnil.ude'51  and  duration.^  aro  in  .an  .lnvot.se— 
.sgUiire  i;f  .i.uU  I  onfjh  i p  oo  th.'i’  Mm  magnlMulfs 
tor  2  heura  -ire  double  t:,  i.’jo  for  30  min, 
Tho  innaMlfudiiH  fni.  ,I0V.  vumii  -  ui  in 

30  Illiniums,  hi  Vi  i  and  0  houva  ..ni:  shown  In 
l''i'.}ure  H.  i'enn  1 1  •  .  i l.y  to  eccMlor.il' ion  ia 
g  ..x*al.esl.  ironi  0.1  lo  0.31S  Hz  but.  f'Mo  at 
highoi.  f  requonc  Uns  ao  thal.  acceleral  loti 
mdgn.i  l..ud«a  requited  ti,.  iiroduce  alokness  nt 
Cl .  CM  Hz  are  .3 . 1  Ti  t.  imen  greater  than  those 
Inquired  to  produce  sickresa  at  n,:3lb  Hz  and 
at  lower  froquoncio.s,  Th«  oontenta  of  this 
ntun.d.ird  weie  first  published  an  Addendum  2 
to  j.a:»  2631  in  1982. 
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Frequency  (Hz) 

riguvA  8  Maqnltudea  of  vort.lcaJ  /-axis 
oscillation  oxpuotud  to  cause  iO’f.  incidonco 
of  vomiting  in  exposures  of  H)  ininutoa,  X 
liouia  and,  ientatlvuly,  fi  huuis  according 
to  Jntorn.ntlonai  Standard  2631  Part  3 
(  T  n  t  e  t  n  a  t  i  o  II  a  1  0  r  g  a  n  J.  /.  a  i  i  o  n  for 

fjlsndai  dj  Zcitioii,  lObh)  . 
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Figure  i  f'requoticy  wsiqhl.J.ncj  W,  a.'j  tlnf  Inad 
tri  Dfltiah  SLarduid  6811  11987).  (Graph 
atra-lghv.  line  '  u.-iymptoLic! 
approxlnirtl.iuiij'  t-n  t;ho  1  1  tuerratod 
rfMll.:(ah,!.(3  woightlny  'Icfitiyd  Ly  tlK‘ 
ataiidctr'1  ror  u.;io  In  tiintrmiipritrii  i.'m)  . 


Figure  10  Ver'.lca.L  z-axl.a  oiic.l  1  lav.  Lcii 
fixpecr.«d  ho  oaii.so  lO'k,  ?.C11i  end  101. 
.lnc.ldBiico  of  voni.tl:lny  r.lut.1nq  2  h  expooufoo 
.lOfotdlnd  to  British  .Standard  6811. 
inddonco  will  douliie  if  magnitude  Id 
doub.led  or  oxpo.Durrt  duration  .In  l.ncrna.'Jt'd 
hy  a  l!.antor  of  four. 


3.3.3  Brltleh  fitenderd  6841  (1887) 

Britlah  Utandutd  0011  (1907)  daCinoii  a  'moi.lon  ulcltnoeii  do.ae  v.'ilue',  MODV,  Lana.)  nn 
a  frequanoy  wolgntMig  (l.o.  .a  tlltor)  and  a  tliiio  dopendoncy .  '''hq  i;wu1 1 xalil q  (raquonuy 
woightlng,  WE,  oan  lje  rapro.aflntod  by  an  aaymptotlc  approximation  liavLng  an  atttinu.al  "ii 
which  varies  wltli  frequency  at  ifi,  0,  and  -IZv'IJ  por  octavo,  iabla  D  Llatti  t)ie  attonu.atluii-. 
of  thla  aavmpuotlti  approximation  and  Flguto  9  conipatou  the  .Hfiymptotio  irid  roaltuable 

froquoncy  wolghttriqB.  "'he  .'itandard  fully  doflinm  the  roul  laablc  wejg)it1ng  for 
Implnmont at  1  on  by  analogue  or  dl'iita.)  filters.  The  qreatoat  .yonnil  ,i  vity  to  aoooleration 
in  ill  the  rango  O.DIS  to  0.23  llx,  with  a  rapid  rodiiotlon  in  nt-mi)  It  Iv  Lty  at  Itlqhor 

frequonuin.a .  The  oxno.'jiiro  dur.it ton,  t  I.Douondu),  and  tlio  froquoncy  wa.ltjhUid  r.tii.a. 

aoaeUir.nt  ion,  a,,,  linu'^  );.m,.T.),  may  bo  iiaod  to  corapui  o  tlio  motion  olt')inoarj  douo  va.luni 

MilDV,  •<  (rt„/.t)'" 

The  fjerueiituge  of  unadaptod  aduitu  w)io  may  vornlr  la  ihen  given  byi 
petoontago  who  may  vomii  -  '/,  MSDV, 

Tlila  relation  lu  ba-ied  on  uxpo'niro,a  lautlnq  liom  about  20  m.in  to  about  (i  h  with  .i 

provaletiLe  of  vomiting  up  to  704.  f'lguro  10  ab.wa  the  prodiel.ed  magnltudoa  of  vortical 
oac'lllation  required  for  101.,  20'f  aiui  ioli  ol  peruona  t.o  vomit  wltfiln  2  houro. 

I.awi  liRt  and  Cirittin  (1987)  compaiod  (lie  motion  .Michnean  dune  v.tiue  IMSI.iV,)  piocudiiii! 
with  tlip  motion  iil'Vkne.na  InclIeiieB  (MSI)  meth'Od  .DUi:.niat  Inc'd  In  .Sectlnn  I..),!.  II  w.i.s  alu.iwn 
Hint  the  frequuncy  wolqhtlnqa  were  aimll.ir  an.l  ttiav  t!iu  dnpetuionoo  ol  vomll  Inq  on  I  In- 
iiwyn  i  r  iida  and  duratlcn  ol  motion  worn  alml  tai  to'-  iiiaynlLuUeu  up  to  .ilruut  2,1,  ma  ■'  i  and 

for  dill, It  IniiH  up  to  ..iljoul  u  howia. 


'l';i.'.'lii  3  Thu  filter  gain  of  ftequeiicy  welglitlny  W,  uaed  for  auiiuaii  liiy  vcilioal 
aecoloratlon  witli  luaiioot  to  motion  .siclrneaa  a.n  defined  by  I'li; 1 1 1  ijli  siandatd  C.HII 
(1987),  (Values  shown  are  lot  tlio  asymptotic  .mprnx  I  mat  Ion  to  a  i '-m  I  i  ual)  1 1 
f  liter) 
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4.  OSCILLATION  OK  SNINQS 

Vntioua  lnvf.i.atlgatora  have  dor'idod  that  the;  muLiono  of  awlrqn  nwy  tie  a  convenient 
raeann  of  yenoratlny  motion  .aickneia.  Two  principal  categories  of  BWj  riy  liavo  been  uaoili  (1) 
those  secured  so  tlmt  the  platform  suppo..l  li;.g  fhi.  body  swings  f..s  a  alliipie  (jendulum  .and 
Inclines  undot  the  action  of  the  applied  forces  (e.y.  2  polo  swlng.s)  and  lil)  parallel 
.swings  which  are  sucui  od  at  either  end  so  that  they  remain  horixontal  during  swinging  (e.g. 
1  pole  swings).  figure  11  llluattates  typlcai  2-polo  and  1-pole  swings.  Tiic  motions 
axporiancod  by  observers  on  the  awing  are  different  in  the  two  case.n  an.l  neither  imparls 
a  unidirectional  translational  acceleration.  for  a  simple  swing  of  raolus  r,  the  aw.itiq 


I  1  ■  ph  ‘h-  -y  ,  111  tl/  , 


>) » v/i  II  )>y  : 


.  '  J  3 


vs;!if>ro  q  J.3  i.ho  ac'i«  1  eraL  1  rm  duo  to  cji-avLty  (9.(31  ms  •')  , 

On  n  1  wo -pole  fiwlng  Lf.  nmsL  be  assumod  that-,  the  persoti  i;l]t..s  with  tho  plattorm  - 
although  this  may  itoi.  be  tcua  f.oi,  the  head  unl'v'ia  It  Ln  roatfainod  by  a  heiidiest.  Tho 
flubjoct  J.ri  exposed  to  rotational  aooeloratlon  at  tho  swing  Troquency  in  addillon  to 
Iratuilational  accoie  trat:  ion .  In  tho  abaonne  of  tnoehanical  impoi  lections,  the  aocolOLatiun 
pfiirtiliel  t.o  the  platCoiiu  (in  tho  x-  or  y-axl.n  of  a  seated  aubjeot}^  la  /ntfi  since  tho 
ai''colerr'jt.lon  in  thin  direct  lou  la  ogu/»l  and  opposite  tn  the*  acceinralion  coniprinont  duo  to 
gravity  ntislng  from  tho  tilting  or  tho  platfofin.  Tho  actcol  oral;  Ion  porpondicu  1  ar  to  I. he 
piatrorm  (in  tho  ;».“axl.3  uf  a  .seated  subject)  L.m  prlniarl-ly  «luf‘  to  tho  ladlal  ac:'.;el!?trit  i  on ; 
It  alway.*3  acl.'j  in  tho  positlvo  diiuctlon  (keeping  iho  sul'l^or  on  the  pJattbirtn)  aiuS 
oscillatca  at  t.M.ce  tho  frtKiuenc;y  of  the  .swing. 


On  a  lour-poie  .swing  the  platform 
remoiiui  ho  t.  i  .‘.ant  a  1,  and  it  nuist  be  aujiumed 
that  the  subject  remains  In  the  namo 
orientation  throughout  the  arc  of  swinging 
(although  in  praotloo  th.ls  may  not  bo  tho 
cd.se  without  head  restraint).  Thoro  la 
thoroioce  no  rotational  accR leration .  In 
tho  horlvionta  L  direction  (l.e.  patallol  to 
the  p.kitfoi.m  .jnd  in  the  x-  or  y-axis  of  a 
Heated  uubjoet)  thore  l.y  si.gniflcdnl 
ciccfii  erati  on  which  .in  non-H  liiusoidai  .  The 
vortical  motion  J.s  aJfjo  rion-nUiujioldal . 

oi  uLudk'u  do  not 

ciwaciy  doacrlbe  thn  .form  cf;  .swing  used 
and  it  iney  not  dJways  bo  cor.  root,  to 
caicutlate  the  mot-lono  oxpin  Icricad  by  nubJov.’l  s  bii.nod  on  the  categor:  1  sat  Ion  and  InformaLloh 
pio.yQntod  below, 

.StndJoa  in  .swings  have  boon  conducted  for  two  main  purponc.si  to  a.s.yoss  tho 
offuetJ vonoa.'a  of  druga  or  dovino  u  piocudui.e  fur  ollniinatlng  .yiuMcoptiblu  por.Moiuj  when  b'.kng 
seiuoicd  Cor  iiiilLtdry  autv.i’:e.  A  few  .vtudlo.s  luive  Monglit  l  u  dot.oimlhe  the  .1  tj  f  UiwtuM?  of  the 
i.ypG!  and  dlrccn  ion  of  iiuii  loi.  on  mui..lon  nJckiioHn. 

4.1  Two  pol«  twinga 

tlfjjug  h  awing  wUh  a  rad-lus  of  «) . '.3  morn-m  (from  t:hn  centre)  of  swing  to  the  Hcal.)  and 
a  awing  aic  ol  ISO  degrees,  llomingway  (I9'lh,  J94d)  Inveyl.ignted  motion  sIcknesfH  in  var.  luus 
groups  of  .svlalarw  and  a  cothirol  group  during  ?.()  tnlnui-n  nKpo.Muros.  In  (  hn  CfUit  ml  group 
hVli  become*  111  and  o(.  tlio.go  vomited.  Among  three  groups  of  a.I  rcrow  known  to  bn 

hiirrcrllKi  from  motion  oickneu.s  Lliore  we^ro  V9'l  to  90t  111  with  3HV.  ir>  OS't  ol.  those  voniitii  j 
111  leys  i.luin  niLiiules.  Tin*  si  .•Vne.ns  r.ii  en  in  .ilicrow  not.  sulfcilng  from  moLloti  yickhvjys 
Witie  iiiinn  i  del  .iIj  1  y  luWi'ii  ill  wUh  ll’f.  to  I'jV.  vmnll  lug.  (II  1  .a  inferred  Mint  llin  swing 

I'oh.-ivad  as  ri  nlniplr*  pendulum  and  thal  I  lu*  li'’'oueiicy  .j|  swinging  w.is  .'ipproxliiialel  y  0.;m  ib;)  . 
M  I  HI  I  I  ii  [  ii'Mii  1 1  s  wig  e  (ibt  a  i  ri**d  whon  .idni  I  n  1  st  pi  I  ng  pi  .es.imfj  t  . ,  eon  I  i  f.  I  qrc  g-s  In  druri  .m!  lul  1  es 
wllh  I  lie  .'i.iime  . ippai.it  us  (.'^ImlMi,  flmith  .ind  Ih  iimrjway,  I'Mu),  nemim^way  (IMt)  loiiml 

Mini'  f  ymptomn  ei  mot  Ion  n  1  r-kne.TMS  rippiMied  M,  be  nn.i  f  fern  cl  by  /imbieni  i  emper.it  n  i  e  In  M'e 
1  ange  t  '•  l ')  .legi  «*es  c,. )  .j  j  n.j , 

Manning  and  :U  ew.ii  t  (I'hig)  inpoM  Mial  I  he  ln«;|ilehi;e  .uul  sevrjrlly  of  'awing  slikness' 
Wi'iH  iK'l  dci.ieniJuni  iS)  time  ol  d.iy,  ri^uin  t  einpei  at-Ui  o  apl-itehen.'il'Ui  and  was  similar  for 
tho'i..  swung  Mlioitly  beftiro  and  i  h..>;u»  .swung  sluntly  alior  a  imra  I .  Using  two-pule  .swli’g 
wiMi  a  radiu.'i  i.d'  'iMl'j  mettca  (giving  a  f  reguonev  of  aboi.l  O.i'd  llx)  and  ,i  swing  arc  ul  aboul 
»M  di'giees,  I  l'.>y  1  nvest  i  g.il  nd  «*ffc*i.Ms  ol  body  postuui  <uid  visual  I'ondltlons  i.ai  the 

iiuddoucd  of  .slekiies.y  dnrJng  dO  niJniito  OKpoaurofi.  With  wyo.n  clo.aod,  symptoms  wore  least 
wlMi  ;iiil  ;;  ;iipir'(*j  ll’f  wl.tli  n..uj.yoa  and  vumillng  comp.al'od  with  'M'/i  when  in  a  proiie 
posit  loll  aiul  !)]Vi  when  sitting  r.)cliu)  the  d  1 1  ts.M;  Um  of  swing.  Of'cning  i  ho  i.!yc»y  luduceel  I  lin 
pieblum  tc  b'f  when  .sup.ino,  hO'f»  whnn  fimne  and  /JV.h'K  wheti  lacing  thn  dliei.;lloii  ol  swim! 
iilieju  was  pool  i/i.'i!oii  when  in  Mie  pjolie  po.'jlllon).  Wearlinj  'blackout,  guggles’  reimlt.m.l 
In  .1  slight  ly  giealei  sli'knos.M  I lu; I dotu.’o  (*i7,h'/.)  than  In  tho  eyns  cIo:.n>d  eondll  Ion,  WI1II0 
.•I  1  M  i  iig  In  .1  f)ail  ially  cUn  koii'.'ii  rii'.im  n.>.smlii*d  In  .in  i  ni  i»nu«-»*Uatii*  liu*  Idcnco  (d'ht.),  Coveiiny 
Mil'  o'.'itif)  w.l  I  h  a  shi'Ol  ,  so  a.y  to  rninovo  the  oxleriMl  vlnual  cuu.s  .nnd  the  fet'liruj  of  i  hi' 
Igooxo,  Losiili-Jil  In  tepi,  with  naU3i?.a  find  VumllJlig.  When  .silt  I  ng  sideways  w'lh  the  eynii  iipfin 
It  way  found  that  l;hu  iitoJ.dunco  of  nanon.i  ,uk1  vomiting  wan  greater  wlion  sitting  I'n  Mie 
j)  1  .ii  for  III  (Hfi)  Munn  when  silting  support  tsd  uii  a  ohali  pLai.n'<l  oh  tho  plat  form  (K'’*.)  .  This 
Wf.iu  rill  ill>uted  to  thn  i  f'chn.'i  I  on  of  aboul  motros  Jn  the  ra'llus  'd  .svliig  to  the 

'/w.‘it  1  b'l  i  ar  sym  etii  whoii  using  the  chair.  hlandUig  or  tho  .swing  Ineing  the  ditefll(..a  of 
mrjiJon  if’iiulied  In  the  n.aiiici  Incidence  of  nau.sofi  and  vomiting  as  sitting  f.ieing  the 
>;lirec:tinn  r.g  .iwitig  (l.e.  y.V.'i'i)  -  nvnn  though  the  radius  of  tho  awing  to  I.ho  v«st,ihiilai 
fiyst  em  wa.s  .shoi  i.eriod  by  about  ?.  motr«?3.  Manrulng  and  Sl-QW.-jrt  attribute  tills  te  a  iilfl-*rer.t 
o  r  Unit  .if  1  oil  of  tin*  lierid  when  filandlng,  Tho  .•lulhor.s  conclude  t.hat  a  dol.i,«rti,l  n  Ing  l.n'in  'n 


Two  pole  swing  Four  pole  awing 

figure  11  Dlagrtumiuitic  iilustrstion  of 
polo  and  4-poln  swlnq.M. 
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;i  i  i-k  in'rir.  i  .->  IIm'  >»i  ioti  i*l  1  In*  .'H'lni  i’ I  i ‘’U  I  .U'  I'an.ilj;  w  i  I  h  ti'.'Sfu'rl  lo  i  hd  ili'tM-t  ion 

<i!  mot  ii'ii:  1  .•Kiio;:;,  "w.t.':  d.s*/  .jcTo  i  dl  .i  M' vi*  imt'i'.’S  Wf'tt'  .'i/'tit)'}  in  t  iif‘  /.'J.ifU'  I'l/ 

v'Gff.icai  semiclicu.lav  ocindJa",  They  recommended  l.he  supine  position,  or  any  other,  poaitiori 
in  which  the  'verticaJ  cana.l5*  are  horizonta.l,  for  hhe  LranapotrLation  of  air~borne  troops. 

U.’4ln'‘/  a  two-pole  nwincj,  Ttaaer  and  Manning  (1950)  oyatemat  ica  liy  Investigated  tha 
effect  of  swing  radius  and  swing  angle  on  motion  aickneaa  in  seated  men  during  30  minute 
exposures.  With  a  90  degree  angle  of  oscillation,  increasLtig  the  swing  radius  fretn  1.8 
metren  (giving  a  awing  frequency  of  about.  0.37  HiJ)  to  3  motrns  (a  awing  frequency  of  about 
l).;i8  Hr.)  increased  the  number  of  men  with  signs  and  symptoms  of  sLckheaa  from  to  liOi . 
A  further  increase  In  the  swing  radius  to  4,9  metres  (-0.25  H'4)  inccoaued  the  sickness  rate 
slightly  further  to  58^i.  With  a  3  metre  radius  (a  aw.ing  frequency  of  0.28  Hz},  incrHU.sirig 
the  angle  of  swing  from  50  to  90  degrees  increased  the  incidence  of  sicknea.s  from  221.  to 
SOI  while  increasing  tho  swing  angle  further  to  130  degrees  only  produced  aickneaa  in  46'ii. 
Tl'.e  authors  give  soma  consideration  to  the  accelocatlonJi  received  by  subjects  on  the  awing 
and  conclude  that  rotational  acceleration  was  not  important  since  fllcknoss  increased  when 
rotational  acceleration  decreased  aa  the  radius  of  the  awing  was  increased.  They  conclude 
that  the  ' tangontlal'  component  of  acceleration  rather  than  the  vertical  acceleration  may 
be  neccyaary  for  ylcknosa,  or  that  at  least  two  forms  of  motion  are  tiGcescary  for  sickness. 
Using  a  simple  awing  with  a  radius  of  4.fi  inetreo  swinging  through  70  degrees  at  n  frequency 
of  0.26  Hz,  Jnfinaon  et  ai  (1951)  found  that  the  greatest  Incidence  of  sickness  occurred 
amung  subjects  making  tlio  greatest  head  movements. 

Other  studies  have  been  conducted  on  swings  of  various  types.  For  example,  Babkin  et 
a.i  (1946)  produced  motion  sicknoss  In  dogs  u.sing  s  swing  with  a  radius  of  2.4  metres  which 
swung  Llirough  about  70  degrees  at  0.33  Hz.  This  was  reported  to  produce  dofinitfo  signs  of 
motion  sicknona  in  about  60*}.  of  dogs  tested;  tho  uso  of  n  ahorter  awing  radius  produced  a 
lower  -incidence  of  .aickneaa.  Babkin  and  Bornatoln  (1943)  had  oarlior  found  that  bilatornl 
labyr Int hoctomy  nboliahod  symptoms  of  oLckneoa  in  two  dogs  previously  auacoptible  to  owing 
si  ckneoiy .  Johnson  (1951)  roport.s  that  five  clogj)  who  all  vomited  on  a  swing  within  30 
minutes  did  not  \omit  when  their  heads  wore  fixed.  Chinn  and  PlotnikoCC  (1953)  found  that 
using  a  .swing  with  c\  radlua  of  4.3  luotcea  (a  swing  frequency  of  about  0.25  Hz)  with  a  swing 
arc  ot  120  dragroc.s,  60'i  ot  doga  vomited  within  30  minutes  and  25t  of  men  vomited  in  20 
mimitofl.  Some  drugs  were  able  to  roduce  the  Incldonce  of  vomiting.  Wang  and  Chinn  (1954) 
u.uod  the  name  motion  and  showed  .1  cotuiiderabie  reduction  in  vomiting  among  duqn  after  the 
surgicai  removal  of  tihoir  ' chemocoptive  emetic  trigger  zone'. 

Money  and  Priodberg  (1904)  produced  vonUting  In  rostrained  doga  atanding  on  a  two-polci 
awing  of  cadiu.^  4.1  iiietrea  swinging  through  a  70  degree  arc  at  0.25  Hz.  Of  57  dogs  tested, 
17  vomited  within  25  mitiutea  In  tljoLr  initial  tout  and  16  of  these  vomlLed  within  25 
minutes  dur.ing  three  Rubsoquent  te.'Jtn,  .Surgical  procedures  to  inactlvoto  the  somi-c  i  rcuinr 
canuiti  while  leaving  the  otoliLhs  intact,  greatly  reduced  tlio  susceptibility  ol;  the  dogs 
to  motion  aicknoas  on  tho  swing  Lator  invoatlgations  with  dega  involved  surgical  romoval 
of  thn  -iiiipulUig,  tho  utricio  and  tho  .u.icculo  (Money  and  Cheung,  1983).  The  same  two-polo 
owltiq  tn.yt  ro.yultsd  .In  novorj  out  of  otght  dogs  vomiting  within  25  luinuton  on  four  sRp.urato 
occasiona  prior  to  the  oporration,  Following  surgery  none  of  the  dogs  vomited  during  the 
swing  teat.  Thu  emetic  rosponso  to  some  drugs  was  also  greatly  diminished  by  tho  surgical 
removal  of  the  voatibular  ayntoin. 

Using  d  two-polo  swing  with  u  radius  ot  3.7  metres  oscillating  through  an  arc  of  90 
degroon,  Crampton  and  Daunton  (1983)  produced  motion  sickness  in  cats  within  a  claar 
plastic  box.  Moan  durationo  beCoro  retching  or  vomiting  aro  given  aa  approximately  18 
minutes.  uaunuon  at  a./,  (1984)  report  exporiments  on  cats  exposed  to  various  motions 
Including  those  generated  by  a  Lwo-poie  swing  with  a  radlu.'i  of  1,8  inetree  swinging  out 
r.ihcnit  (in  doqrcuvsi  with  a  frequency  of  0.37  H/.  and  a  vertical  displacwment  of  0.9  motru.y. 
Thu  uwJtuj  was  plactid  Within  a  slatlunary  ll.lumlnated  box  so  that  during  swinging  Lhero  was 

('uitil)l  n«ci  vL.'Jual  and  voatlbulat  ntimuiation.  StlmulatUm  by  visu.il  niovument  only  wan 

provided  by  nwlriglng  tho  bux  (0.25  Hz,  60  dugroos)  evor  the  stationary  anliuals,  With  ilie 

fuuiib i  nod  visual  and  vesJ  Ibtiiar  st-lmulat  Ion,  25'Jv  oP  catw  vomited  where, as  only  IH'li  vomited 

will)  I  1k‘  vImu.i1  Ml  I  mu  1  r'll.  1  on  alono  (.•ioe  Ject.  Ion  10)  . 

Ill  roiiipai  1  Mon  wltli  the  t ran-slat ional  studie.'j  reported  In  Auction  3  it  can  be  shown 
I  lial  the  above  nw.lng  nLud.lea  with  seated  person.*!  have  produced  a  groator  incidence  of 
mnl  luM  .'ili'khwas  t.han  would  be  pi:ed.l(d.ed  from  the  z-uxis  accuierutlon  (l.e.  radial 
iiciioU'ial  lull  produced  by  a  combination  of  centripetal  acceleration  and  a  gruvitaL  imia  I 
rouipoiM-nt- )  .  (Tv/o-'po.lo  sw.ingn  produce  z-axi.s  accel-jrat  Lon  of  seated  .yiibject'j  at  twice  tho 
.'jwinq  finquoncy  so,  for  this  axis,  the  frequencies  quoted  in  tho  text  abovo  slujuid  be 
diMilil  f'd . }  Thn  Wwoleyan  Unlver.sity  ntudlus  and  the  Human  Factor  Bosoarch  Inc,  st\idies 
mIiuwoiJ  t  h.ii  .'d  ck  non  ;i  lucldenco  decrciaaod  with  Incroasing  frequency.  In  order  to  olit.aJn 
I  i.knuiJi-  Incidence  of  50t  within  30  minutes,  the  z-axls  accoiorat.  ion  would  need  to  bo 
•jrc1.1l  Cl  l.hiin  that  occurring  .In  th«  above  studies.  This  could  be  achlovod  with  .larger 
nnqU,’;i  nf  iiwinq  and  lower  froquenclos  of  swing  -  both  diCflculL  to  achieve,  For  example, 
t  hi'  Hint  inn  si'  kno.'ui  do.yw  value  ptoceduro  Indicates  that  a  frequency-we-lghted  acceleration 
nl  1.!,  iii.'j  '  i  wtDuld  bo  required  In  order  Lo  achlevo  50%  vomiting  in  '3C  minutes.  This 

wniild  inquift:  ,i  loiiyoi.  .swing  than  has  been  used  in  the  studies]  «  radius  of  15.9  metros 
{.'Liwuiqluvi  ul.  0.125  Hz  so  au  Lo  give  a  z-axis  acceleration  at  0.2.5  Hz)  with  an  .angle  ot 
.'iwlnq  ol  ..Huiiit  »45  doqruRa  would  be  needed.  It  seems  reasonable  to  oonoludfs  that  /.-axis 
n;.u:  i  11  .:it  1  n|  .n;on  luruLiori  are  not  alone  the  cause  of  alcKtiess  on  twu-poie  swlngn. 

[‘’r)i  ,1  pfUMoii  r e.'ii  rn I und  to  a  two-pole  .ywing,  the  only  other  motion  i.?  the  ratal  ional 
'.)£iu  1 1  l.'jt.  [  (;ii ,  Tho  iiifnpilt.udcs  ot  tol  l  (or  pitch)  oscillation  used  in  the  awing  .'  tudiea  are 
larger  t  n.ui  those  found  t.o  produce  only  minor  motion  sickness  .In  the  McCauley  et  al  (1976) 
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r,  1  111  I  i  ( ;.i  K  •  *1  i  ,  Ml  ^ .  1  1  )  .  Kv  i .  li-n*--  ■  I  i « •»»  i  h'*  '  i  •  •  I  I  |  •  i  >  •  ‘li  i  -  •'•k*  •«  '  ;:l  ti- !  i .  ..  •  > !  M  -  >1  i  ■  mi  i '  / 
.1  /  (  I  '•]  /  1  .  .ii'i'  [I  >.•  I  I  h.il  mi  i>  i  1 .1)  r;  t . -V.  | j«  mi* •  i  .i«  « I  1  -y  •  i  <  .  '■  lln  •«  l  ••  >ij  ■  .iii- 1  •  1*  -.V)  i  in-  •!  l  •  -it  .  >  i  .  i 

GO»?saw  Wrts  not  affeel.od  by  t  lio  addition  of  mil  motion’  of  uo  to  no.5  rloqcfiOH,  (It  w<in 
fl.'iBumod  that  tliG  vertical  motion,  not  tho  pitch  motion,  of  l  ho  noenaw  wan  ronponn  I  b',  o  lor 
nii-’kno'jn  -  posniblv  becauno  tho  anqU'-n  ol  loll  and  pitch  va-ii*  and  jitudiofi  in  an 

I’lovator;  confiniiod  that'  vertical  motion  caunecl  motion  aicknoan).  It'  tluMotorc  rrnrront’. J.y 
I'onuilny  uncortain  which  characterl at Ics  of  the  mot.iona  on  two-polo  uwlnqa  arc  primarily 
raaponslble  for  aickncaa  (aeo  EJocLlon  A. 2  below). 

4.2  Par«ll«l  awinga 

A  aerjea  cjI  ntudloa  of  druqn  for  prevontlnq  tnot.lon  alckno/js  In  doga  and  man  warj 
nondi.’ctod  on  a  parallel  awing  of  radlua  A. A  nietren  qivlrig  a  troquoncy  of  oac L I lat ion  in  tho 
loiG-and-att  axiu  ot  0.2fj  11/  (Noble,  I9<11in,  lf)4bb,  1946,  1948j.  The  headn  of  tho  men  were 
O.o  motro.s  above  the  .ywinq,  in  ino.at  atudlea#  dudfi  and  men  were  made  sick  by  awlnginq 
Lhiouqli  90  doqroe  ancrleaj  betwcon  55%  and  60%  of  369  men  vomited  In  lh«:j  couroe  of  30  minute 
axpoaureii  to  this  motloru  It  waa  found  that  lensor  anqlen  oF  ,‘iwi.nq  wore  aufflcient  to 
cauijo  vomiting  among  <:hp  innue  auacepHbJe  doga  .nnd  mon.  Right  fiut  of  ten  /nisooptibUj  men 
vomit. pd  (and  tho  othor  two  were  very  tmW3onL'‘jd)  when  exposed  to  30  dogme  .swlncjn  witli  .m 
iiverago  time  to  vomiting  of  14.5  minuLoa  compared  to  10.5  minuten  with  t.h«  90  degree  awing. 

vlohnaon  and  Taylor  (1961)  comporecl  tlie  sLcknwaa  geneirated  by  2-pol,G  and  4-pole  tiwinq.M 
-  b'Jtli  having  a  radius  ol*‘  4.6  m  (to  the  hoada  of  anbjoctfi),  /in  oscillation  rraquency  of 
0.27  11/  aiid  A  .swing  arc  of  '/O  dogteeii.  Using  UOO  youiKi  male  fiubject.s  liaclnq  tho  tlirecl  Inn 
of  .ywlnq  {ao  aa  to  produce  motion  In  tlie  fore-and-aft  axln)  and  up  to  .six  mlmiten  of  mol  inn 
Ib^y  ihVosLlgated  the  differences  botwoon  the  swings,  l ho  offoctn  of  fixing  the  head  and 
the  effect',  of  clo.alncj  t.he  eyes.  The  groat  oat  purconlago  of  sickness  symptom.y  ai  'hc  with 
i-ho  head  free  and  tho  eyen  c.lonod  (35%  felt  Hi  on  tho  2-polc-  awing  and  20%  foil  111  on  the 
4-poli:3  awing).  ko, strict  Ing  the  head,  opening  the  eyes,  or  both  re.atr  i  ct  1  ng  tin  h'>.id  and 
opening  tho  eyes  resulted  in  a  cons idor.iblo  doereaso  In  n.iokno.ss  inoldonco  for  both  .'jwlngs. 
The  -authora  cor.i.-iuded  that  .slt'kimsM  was  cfitiMed  uy  ’'a/igu/ar  .ici'e/eiMf;/o/j,g  (lon^ 

unt'oatra  j'ned  move/ud-nt  of  t/je  hgad'*.  The  bonetlclal  eCfi'ct  of.  vision  was  at  I,  r  ll.Mit  ed  t.> 
Mubjocta  being  able  to  uso  sight  to  aaslal  In  the  iiuiintenanco  of  a  Mtoady  head.  Thu 
occurrence  of  up  to  7%  .alckm-jss  wltli  the  head  f.ixed  wan  attributed  to  incomplete 
immobll isfition  of  the  head. 

4 . 3  Oth«r  d«vlo«i 

A  l*'orrl»  whooL  device?  har  boon  UHtid  to  pfovoke  motion  ab^knojin  In  intIm  (t‘rrimpti,>n  ani.l 
l.ucet,  1985;  Fox  ol:  ji.l,  1987;  i.ucot  and  Cramptoii,  190/;  l.ucoi  td  ,-i.l  ,1989;  Ur.impt on  ..iiul 
liUeotj  1991).  Cats  wore  placed  Jn  two  clear  boxes  which  hunf|  at  either  end  ef  li  frame’ 
which  mtatpd  about  fi  lioriv.nnt/il  axl.-j  l  hrougl’  Its  cenLie,  Tlie  radius  fiom  the  coni  i  e  ol 
rotation  to  the  point  of  sviapenn Ion  oC  each  box  wan  0.445  m.  Cent  Iiuioum  rot. il  Ion  of  Uiw 
frame  uau.yed  tho  Musponylon  ot  each  box  to  inovti  .in  a  vortical  clinic.  With  the  t.-agiuu 
fiew.iy  Huapwndocl,  they  will  liavc  tond».*d  to  swing  outwards  under  the  .uttion  of:  ccinl  r  Iju-jlri  1 
acculerat.ion  as  they  aacondod  and  elouconded.  Tho  mol.  Ion  expoi  lonccd  by  l  he  (Jul.ri  wa.';i  nol 
merely  vcrtjoai  ulnusoicl.al  oncl I Latlon .  Unlng  mi.dlon  i.U«s  bel.ween  U.)')  11/  aiui  Li.5l!  11/ 
.111  stimuli  cauuod  some  Hioknoan  but  0.28  11/  (17  rpm)  pm^luced  the  c.u- 1  lent  nnaot  of  motion 
fiicknuns]  and  It  appeared  that  40%  of  c.its  would  vomit  within  30  minutes  wluui  expuned  to 
this  frequency. 


5.  ROTATION  ABOUT  A  VERTICAL  AXIS 
5.1  Constant  ipssd  rotation 

f'ernlng  (1904)  deseiDujn  some  jppvii.iius  In  whlcli  In*  was  .iblc  Im  ptntiiK’i?  sviniit.Miin  .»! 
.‘lii-kncfis  l)y  cunt  1  nurnm  rnf.'Uinn  alvuii-  .i  vcrl  I.mI  .ixls.  He  f-iuiul  I  lull  10  rpm  suni.-lmit 
tu  Induct'  in  liim/inlf  "a  hiqh  i>l  vcrffi;.>,  .;/./djnc.*f.'t  ,\tui  n.!if::c,j  bf'ijui  cspc-'i.i  /  i  ^ 

m.i/'A'ctf  w/icn  i  ho  tlnrittti  /c/.b/.’n,  wcic,  n/mn  i  f  .*.•  .vum;..};  /.vi,  g'c/ic./  .•.na  M(’n  /  5‘”  . 

■  '‘■iiiiing  ii.MMd  the  the  I'fli-'icncy  .*1  iliugs  In  iuj  m.ii  inn  sickiU’.'iM  <ui>l 

.■inlif;i>(|iM«nf  1  y  I  In’  n.’ie  nf  liy«»:f  I  tu’ . 

fJiu-Mlry  (i‘h.H)  it'poit.'i  t  li.il  .-iimpli*  i .  >i  .i’  I .  m.i  I  .u’cn  I  «u  .ii  i  ■  .n  at  Piw  laics  dues  nd 
firf'fiur'.f'  ‘lyinpl.imis  .>[  iiii.u.lnti  .’i  I  fkn'’;uM ,  In  an  ixpiMimcnl  wilJi  iiiuir’  I  luin  Uh)  nu.ui  wlio  i  I'.'i.  j  vn.! 
176  act'cj  nr.Ml  l‘ins  to  10  i  pm  wlililu  .i  4  houi  |•’liod  no  .sul-jjf  I  t*xhibhi‘(J  symjit  um.-i . 

hngoi.  (?t  i.i !  (1981)  Coimd  lhal  mol  Ir.n  ji  I  ckiunsfi  was  iiui.  cemmnn  during  5  mlnul*!  cxpnsuns 
t.o  20  rpiii  lol.iLl'Ui  dhuut  a  vcrlic.il  .ixir^.  (inly  nnc»  subject  icpojtcd  symplt'mw  ‘d  I  li.m 

trivial  fievcrlty;  mc),'d  symptoins  amse  wlii»n  snb)cn;t.3  ha.*:!  .m  oxlern.il  vlfiu.il  ir.iiiu’  c)f 
1  u  f  e  renrs? . 

Dauiil  Ol,  ot  ill  (1984}  dtU:  r»rm  I  nerl  i  |k'  Incldonco  nl  liiutlon  sickness  in  sgnlitcl  iimnkoy.M 
i.'Xposcd  to  coriat  ani  speed  rot  a!  Ion  auoni  .i  vertical  a.xLs  with  .i  vb'W  <.d  I  h**  laboi.ituiy, 
With  s  rot.itloii  r.il  e  ut  111  rpm,  70’*.  of  .itilm.jlr»  relclied  tJi  V{fmilocl;  wltu  l  In*  luisiltin  .it  25 
t  pin  ,-i  I  1  snimal.'i  ret  chr-d  m  vomited  (see  .lUei  }U‘tM  lull  10). 

Wllplzeskl  c-’/  .tl  (1985)  .•onduci  r?«l  Hirei*  ifxpc  r  I  menl.  n  with  .squlriel  imuiki-ys  in  whicli  tin* 
rAulmala  wets  cxpofied  tc>  corit.inuouM  ti..lal  loii  at  .33  rpm.  Whon  allowcvl  tu  fioc  out  through  the 
lul.ailru)  l  t  .iiispiM  i  on  t  c.nji*  and  not  re.'it  ra  i  necl,  .-i  i  I  iiumki'ys  vcinlled  on  !n>vv*r.il  s  1 1'ti.s 

wlililn  2  hniirn.  H  1 1  tulf  rdd  I  ng  great  ly  icducHd  llic  Initlaeiutn  of  woinll  ing.  kepcatid  »*xpnsutr* 
prucliH'.ed  haltl  t  ii.'it  luM  In  tiuly  a  lew  atilm.il.s  (see  .jlarq  Wllpl/uskl  of  .il,  1987. i,b). 

Daurilori  <^nd  Fox  (198!})  ngjurted  I  )ie  oeourrenoe  of  iikjI.  i  on  slokneofi  in  squirrel  monkeys 
uxiiosed  to  bO'.ly  rctat,i(}ii  ui  (jptokisetlc  lotal  Ion  .iboiit  a  vnrl.le.al  axis  wltli  varlcu.s  viewing 


.M5 


conditions.  With  10  rpm  rotation  of  the  viaual  aurround  around  atationary  animals,  02% 
became  r Lck  within  30  minutes.  About  77%  became  oick  when  only  the  animals  were  rotated, 
9b%  were  sick  when  both  the  animals  and  the  vl.*^ual  surround  were  rotated  together  and  '}b% 
became  sick  when  the  animals  were  rotated  in  the  dark.  With  r.  higher  rate  of  rotation  (25 
rpm)  the  aicknoas  raf;©.*;  increased  for  all  three  conditions  invoLving  motion  uf  the  animals 
but  decreased  for  the  condition  involving  only  movement  of  the  visual  field.  The  animals 
wore  free  to  move  within  a  amali  cage  during  the  motions. 

The  effects  of  various  restraint  conditions  on  motion  sickness  in  squirrel  monkeys 
exposed  to  30  rpm  for  up  to  120  minutes  has  been  reported  by  Wilpiae.'^ki  et  ai  (1985)  .  With 
a  clear  view  of  the  laboratory  ail  of  the  monkeys  exhibited  motion  sickness  within  120 
minutes  when  they  were  allowed  to  move.  When  the  torso  was  fixed,  sickners  full  to  about 
50%,  Slid  with  both  torso  and  head  restrained  the  sickness  fell  a  little  more,  With  torso 
and  head  fixed  and  a  blindfold,  no  animal  exhibited  signs  of  motion  sic);ness. 

During  continuous  constant  velocity  rotation  about  a  vetlical  axis,  the  sensation  of 
rotation  diminlBhes  and  nystagmus  does  not  persist  after  the  onset  period.  Cn  cessation 
of  rotation  there  is  a  sensation  of  counter-rotation  e»nd  eome  horieontal  nystagmus,  Motion 
sickness  induced  by  the  above  exposures  to  constanc  speed  rotation  about  the  vertical  axis 
may  have  been  caused  by  the  apparent  movement  of  the  visual  .-gcone  (see  Sect  ion  10), 
movements  of  the  head  (see  Section  6)  or  the  acceleration  and  deceleration  before  and  after 
the  period  of  constant  velocity  (.SGe  Section  5.2). 

5.2  Rotational  aooaloratlen 

Severe,  or  sudden,  rotational  acceletatlon  about  a  vertical  axis  can  produce  motion 
{•IckneaB.  A  teat  for  pilot  au.gceptiblllty  to  airsickness  developed  in  1  922  t<.'  192^1  has 
been  reported  by  a  farmer  Diroetor  of  Merticai  RtiEearch  for  the  Hoydl  Air  torce  (Fluck, 
1931),  With  eyes  open,  subjects  were  .spun  on  a  rotating  chair  through  10  r'Jtat ions  in  20 
sQConds  (30  rpm)  ,  Thin  exposure,  which  is  reported  to  have  been  capable  '■*!  cauning 
vertigo,  nausea  and  vomiting,  involves  acceleration  and  deceleration  in  addition  to  the 
period  at  constant  speed  rotation. 

Lackner  and  Graybiei  (1979)  doacrlb©  a  'sudden-stop  veatibuhar-vinual  in'.araction 
teat'  in  which  subjects  are  accelerated  at  .?0  dog  o''  tc*  300  deg  s’*  (50  rpm),  maintained  at 
ihio  velocity  tor  30  seconds  and  then  brought  to  a  stop  in  l.D  ghcohcIs.  The  procedure  was 
Lher  .-jpeated  until  a  motion  sickness  end  point  was  reached  or  50  atopa  had  been  completed, 
^or  J.0  subjects  rfereivJng  their  Clrat  exposuree  with  eyes  open  during  the  teat,  an  average 
of  about  U  ptopu  w:\a  requ.i.r«?d  before  alight  nausea  occurred.  With  oyos  closed  an  average 
of  38  stops  was  requited.  A  similar  test  with  .-subjects  viewing  within  a  stationary  stripoa 
drum  was  used  by  Graybiei  and  backrier  (1980),  1*.  has  been  found  that  uusceptibillty  to 

sickness  with  this  test  increases  if  the  gravito-inortiai  force  level  is  decreased  to  2ero 
G  cr  increased  to  2  G  (Lackner  and  Graybie.1,  1983). 

McCabe  and  Gillingham  (1964)  placed  cats  within  a  mould,  so  as  to  reotrlct:  movement, 
and  .subjectsd  them  to  rotation  about  a  vertical  .ixls  followed  by  high  rate.s  of  decelGration 
(up  to  38  rad  s  2160  degrees  s’'!  .  None  oi  the  cats  became  alok  wit)i  this  ritimulua  but 
they  Were  made  sick  by  vortical  oscillation  (see  Section  3,1,1).  This  led  the  authors  to 
con 'l,iide  that  the  otoliths  rather  than  the  semicircular  canals  v.’ere  r©3pcnsJb,ie  l.or  motion 
tekness  . 

Oasenkopp  arul  Oaaenkopp  (1990)  cof.cludGd  that  20  minutf  periods  of  body  rolation  on 
.1  Lutni.able  at:  70  rpm  with  15  aecf  ida  on  nnd  5  sneonda  off  caused  motion  sickness  in  gulnra 
pkjn.  Corcor.m  et  di  IL990)  compared  susceptibility  to  .•jjeknusp  of  rhesus  monkeys  nnd 
ngultiel  monkeyt)  when  e);ponp(i  to  continuous  rv-)tatlon  (45  minutes  at  25  rpm)  ajid  when 
*,'X|jo-‘t;d  to  3udden-ut.up  r.ol,at.lon  (45  minutes  with  sudden  stops  every  30  ;.GCond.H)  .  Nune  of 
the  rhesus  monkeyfi  become  sick  in  either  condition  but  all  of  the  squitinl  monkeys  bet:amR 
.-('•k  in  bol  li  corKiltionu,  (Tlie  .squirrel  monkey  l»  in  the  same  taxonomic  order  man  und 
lid:i  boo;  used  in  n  .surrogate  for  humans  in  many  experimental  studiG.s.) 

ihe  motion  sic.kne.'^:?  arising  from  rotational  acceleration  Is  greatly  Influenced  by  the 
visual  field  (see  Section  10).  Head  movement  may  have  also  contributed  to  the  reported 
signs  and  symptoms  in  some  of  the  above  studies  (see  Section  8). 

5.3  Coaplaji  rotation*!  Motion* 

'Double  rotatior.'  has  been  used  to  study  some  behavioral  respon3e.4  of  rata  which  are 
thought  to  be  indicative  of  motion  sickness  (Morita  et  ai,  1900  a,  b) .  Rata  are  unable  to 
venit  and  so  some  other  indication  of  sickness  is  required.  The  expoaures  to  double 
rot.atiuii  Were  qeneiaLed  by  placing  the  tata  on  a  small  turntable  25  cm  off  the  axis  of  ci 
sccor.d  turntable.  While  the  smaller  upper  turntable  rotated  continuoualy  at  80  tpm  the 
lower  turntable  alternately  accelerated  to  25  rpm  and  then  jecalerated  to  a  .atop  I'he 
re.'iponBes  of  the  rats  suggrated  that  this  double  rotation  waa  more  nauaeogenii^  than  w’  -pm 
rotation  of  the  upper  turntable  alone.  Removal  of  the  vestibular  system  appeared  to 
prevent  the  rats  from  expar i-mciug  sickneaa. 

Another  complex  form  of  motiun  used  to  provoke  sickness  in  animals  has  coiiibined 
constant  speed  rotation  abf  Jt  the  verfic«.l  axis  with  vertical  oscillation  (Ordy  and 
Bt-izzee,  1980).  Using  a  sinuauidal  0.5  Hz  vertical  oacillatlon  with  an  excursion  of  152 
mm  (about  0.5  ms"'  r.m.s.),  squirrel  .monkeys  were  rotated  at  either  10,  25  or  50  rpm  Cor  60 
minutes.  They  had  a  clear  vi*3w  ot  the  laboratory  and  were  able  to  make  small  movements 
within  their  cage..  The  25  tpin  condition  caured  the  greatest  sickness*  89%  vomiting  at  25 
rpm  compa’-ed  with  21%  at  10  rpm  and  71%  at  50  rpm.  Covering  the  cage  to  eliminate  visual 
f.'uea  reduced  sickness  end  there  was  some  evidence  that  mu  ’  e  mo  ■'keys  suffered  slightly  more 


from  sickneao  thdn  fomaieg.  A  aeparate  experiment  indicated  that  ablation  ot  the  area 
fontremn  of  squirrel  nionkeya  inh  bi<-cd  their  motion  aicltneaa  response  to  this  type  of 
n-jtion  (BriK?.ee  et  &I,  1980)  . 


6 .  Orr-VERTICAL  ROTATIOH 

Rotation  about  an  off-vertical  axis  produce.?  a  'rotating  linear  acceleration  vector' 
from  the  force  of  gravity.  Unlike  constant  speed  rotation  about  a  vertical  aKi.^z  thl.s 
produces  aer\natlons  of  turning  and  nystagmus  which  perr.iat.'i  throughout  the  rotation#  but 
little  01  no  post-rotation  effects.  Rotation  about  an  off-vertical  axis  can  also  be  highly 
nausuogenlo.  When  rotation  occurs  about  a  horizont  axis#  the  term  ' batbecue“apit 
rotation*  is  sometimes  used,  Johnson  (1354)  found  tha-  'he  use  of  this  type  of  rotation 
combined  with  head  movenents  in  the  coronal  or  sagittal  plane  oouid  produce  sickness  in  up 
to  95%  of  persons  within  five  minutna  and  that  sickness  could  be  induced  within  15  second.'s 
in  some, 

Pensor.  and  Bodin  (1966)  reported  that  rotation  :.f  subjects  on  a  stretcher  about  a 
horizontal  axis  for  3  to  4  minutes  was  likely  to  produce  nausea  with  rotation  rates  of  40 
to  60  degrees  per  second  (7  to  10  rpm) ,  Using  ^20  second  periods  of  rotation  about  a 
horizontal  axis  with  rates  of  10  and  3G  rpm,  Correia  and  Guedry  (1966)  repoit  that  twelve 
of  20  aubjeers  wet©  unable  to  complete  the  experimental  sequence  due  to  motion  iiicknoas, 

Grayblel  and  Miller  (1960)  rotated  norma-  subjects  and  some  with  labyrinthine  defects 
on  a  chair  tilted  by  10  oi  degrees  from  the  vertical.  All  but  six  of  66  normal  subject. s 
reached  moderate  malaise  A  (M  IIA)  (See  Tables  2a  and  2b)  with  a  10  degree  tilt  and  a 
sequence  of  rotation.^  incrementally  increased  to  25  rpm  over  65  minutes,  More  than  hall' 
reached  this  end  point  by  12,5  rpm  over  about  30  minutes.  Non©  of  five  subjects  with 
labyrinthine  d«Cectn  developed  symptoms  of  motion  sickness,  Qraybiel  and  Miller  (1970) 
report  similar  results  and  show  that  there  was  a  high  correlation  between  susceptibility 
to  sickneat  with  this  test  and  susceptibility  to  cickresa  as  indicated  by  the  Coriolis 
aickness  3uscepttbxl.ity  index,  CS.SI  (see  Section  8.2,1). 

The  ofCoct  of  varying  the  rate  of  rotation  (from  2.5  to  45  rpm)  about  a  10  degree  off- 
vortical  axis,  and  the  effect  o^  varying  tht«  angle  of  tilt  (from  2.5  to  2.5  degrees)  at  a 
rotation  rate  of  17,5  rpm  was  investigated  in  a  small  numbei  at  blindfolded  subjects  by 
Miller  and  Graybiei  (1973).  There  was  little  or  no  sickness  with  either  a  2.5  or  a  5 
degree  tilt  and  some  subjects  woe©  Insenoltlve  at  rotation  ratos  above  about  30  rpm. 
Greatest  suaceptibllity  to  motion  slckneas  occurifid  in  the  range  15  to  ?C  rpm  with  all  four 
subjects  reaching  'moderate  malaise  A'  (i,e»  M  ITA)  within  15  minutes  v/ith  a  10  degree 
tilt,  the  authors  note  that  this  range  of  frequoncies  is  similar  to  that  giving  groatost 
susceptibility  to  vertical  oacillation.  As  the  angle  of  tilt  incruaserj  ffom  2,5  degrees 
to  25  degrees  an  lncre.ised  su.^ceptlblllty  to  sicknoas  wao  shown  by  reductlonB  in  the  time 
to  teach  M  IIA. 

Grayblel  and  Lackner  (1977)  found  ihat  60  minuton  ot  rot.atlon  about,  an  earth 
horizontal  axis  at  30  rpm  caused  sickness  but  that  r'-'tating  the  body  10  dogrwes  hoad-up  or 

10  degrees  tiead-down  did  not  differ  from  rotation  In  che  horizontal  position. 

Lentz  and  Guedry  (1970)  describe  the  '  Tl  1  tod-AKi  n  Kot.itioi\  TijhI:'  I'I'AKT)  In  whiuli 
blindfolded  standlnn  persons  ate  rotated  .ibnut  their  z-axls  whlU*  they  (and  the  axis  of 
rotation)  .^re  tilted  at  various  anglufj.  In  the  Initial  trial,  a  vp?rl  lr.--ii  nub 'net  wait 
accelerated  at  25  deg.'  '  to  a  npaed  of  60  dfc  g .  .-i  ‘  (10  rpm)  in  the  clockwiDc  di  reel;  I  t)n . 
After  90  s  at  ci/nstanl  velocity  the  subject  w-a.s  decolei  ateiJ  to  a  {it<  p  at  25  dvg.u  In  a 
second  trial  the  rotation  was  the  same  except  inution  \/as  In  tl>u  couttl  erolucKw  1  difocL  ion. 
In  tile  l.hifd  and  lourth  trials  i  ho  .-ixlii  w.i.i  illtod  U)  do.|r©<*.'j  ut  f-vort.  UmI  .  In  I  in^-  flllh 
.v-nd  sixth  trial  tlm  device  was  dcc«l oi  at t><l  Hi  ;:5  dog.fi  '  t  u  102  dug.  a  '  (17  ipni)  .  Tlun  c  waa 
an  'iiti'r'val  o^.  .5  mifutes  between  trlalj.  Lent/,  .jiul  (Un*djy  .st.itu  that  it.  was  not  uiu'onunnn 
ft:'.  aubject.F  to  terminate  l;ho  tn.-il.  pilot  lo  comp  1  et  on . 

Leger  dJ  (1981)  exposed  subjects  to  s  minute  periods  o!  20  rpm  with  rut  at  t  on  abvjui- 
a  liotUorital  axis  tiirough  the  three  axes  f«f  the  body  (tin*  x-,  y  ,  ,‘ind  z-axes)  and  Witn 
throe  viauaJ  cionditio.is  (bllndtuld,  internal  frame  ot  relcroncn  and  uxtcrrMl  frame  ..if 
reference).  There  were  reports  of  3l.;Knesfl  tluilng  95%  of  the  59  conditions  enperl.enced  by 

11  subjects.  There  was  no  sign  1 1  loan:.  dllleie:u:t»  .ic-otinlLng  to  whether  t.h:5  rotation  about 
the  horizontal  axis  occurred  about  the  x-axls,  the  y-axls,  or  the  z-sxln  of  the  subinct . 
ThJte  was  less  .sicknes.s  with  the  external  vlsuil  name  of  referenre. 

With  rotation  rates  between  4  and  17  rpm,  Mowrey  and  Clayuon  (1982)  ua^d  the 
provocation  provided  by  b  minate  exposures  In  an  tncllned  luLatlng  chaii  to  assess  the 
effectiveness  of  ginger  as  an  anll-moti.,n  olckr.eaa  agent.  They  state  that  none  of  the  36 
subjects  was  able  to  stay  in  the  chair  for  6  minutuB  when  given  a  placebo  wiiPL'eau  iial  f  ot 
the  riubject.u  survived  6  minutes  expa.'iure»s  after  fonrumlrKi  powdered  ginger. 

Of  t -vert  ica  I  rotation  (25  rpm  tor  30  ot  60  mlnuteu  at  an  Jnollnatlon  of  20  dwciree.y  to 
the  vertic.il)  has  also  been  used  to  study  motion  sickneaa  Jn  the  tat  faeo  Suttnri  ef  a), 
19flP)  . 

The  perceptions  of  r  dy  movement  during  rot/'rion  about  an  axis  inclinucl  to  the 
vertical  ate  dl.icuasod  by  Denlso  et  si  (1988),  these  authors  reported  that  using  a 
rotation  istt  of  7,5  rpn.  with  inclinations  between  5  and  30  degrees,  most  subjects  reported 
sickness  after  a  deluy  ranging  from  less  than  two  minutes  to  more  than  45  minutes. 
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Cheung  ©t  al  (1990)  tumbled  subjects  head-over-heela  t^bout  an  earth-horiaontal  axis 
at  a  rate  of  JJO  rpm  for  up  to  10  minutes  to  determine  the  effects  of  fitness  training  on 
motion  sickness  susceptibility.  They  found  no  difference  between  males  and  females  but  an 
increased  aunceptiblllty  to  sickness  after  fltnese  training. 


7 .  WSKTXOHKL  08CILLA7X0H 

7.1  OaoillAtion  about  a  vartioal  aaia 

Mocre  et  ei  (1977)  describe  a  ' Visuai-Veatlbulat  Interaction  Test'  (WIT)  in  which  a 
seated  subject  is  oacillatrd  in  yaw  (l«e.  about  hia  z-axis)  sinusoidally  at  0*02  Hz  with 
1  peak  angular  velocity  of  il55  deg. s'*.  (This  corresponds  to  a  rotational  displacement  of 
approximately  ±3.4  rotations).  During  rotation/  the  subject  identified  the  cio-ordinates 
of  numbers  shown  on  a  visual  display  wlthJn  an  enclosed  cabin.  Lentr  and  Quedcy  (1978)  say 
that  the  motion  itself/  when  experienced  with  simple  visual  displays  or  in  darkness  is  not 
disturbing.  They  say  the  problem  arlres  when  the  motion-induced  nystagmus  is  superimposed 
on  the  saccades  required  during  shifts  of  visual  fixation  and  that  nausea  tends  to  build 
up  slowly  on  successive  cycies  of  motion.  Lentz  et  ai  (1977)  reported  that  a  five  minute 
expoaura  tc  the  test  was  r-ore  provocative  of  slcknesi*  than  the  Brief  Vestibular 
Disorientation  TlS-,  u>Vui/  -  Section  8.2.1.  There  were  significant  correlations 

between  the  results  obtained  from  the  WIT  and  the  BVDT.  There  was  also  a  low*  but 
statistically  significant*  corcalation  with  results  of  a  motion  siclcness  questionnaire 
indicating  experience  of  slcknasa  a.n  various  forma  of  transport. 

Guedry  et  al  (1982)  presented  seated  sub^tucts  performing  a  head-fixed  Visual  search 
task  with  5  minute  expoaur.ja  to  two  types  of  sinusoidal  yaw  occlllaiionr  0.02  Hz  at  ±155 
deq.B’‘  per  second  or  2.5  Hz  at  ±20  deg.s‘‘.  Wh.il©  oscillation  at  2.5  Hz  produced  no 
convincing  signs  of  sickness/  the  oscillation  at  0.02  Mz  was  highly  nauseogenio.  Six  of 
51  subjects  failed  to  complote  the  5  minute  expoaura  to  C.02  Hz  and  4  vomited/  751  of  the 
subjects  reported  some  relevant  symptom,  The  authors  also  expo.'^ed  the  subjects  to  cross- 
coupled  (i,e.  Coriolis)  atiimiletion  produced  by  ten  45  degree  head  movements  during  a  5 
minute  exposuro  to  15  rpm  and  found  this  somewhat  less  nauaeogenic  (see  Section  8.2.1). 

Igaraalil  el  al  (1966)  provoked  alckncsa  in  squirrel  monkeys  by  oaciilating  them  about 
a  vdctical  axis  (at  0,25  H».  with  an  amplitude  of  90  deoreeo  and  velocity  of  141  dog,B‘‘) 
whixe  tliey  were  within  an  Qpto)finGtlc  drum  rotating  with  the  sama  motion  but  a  45  degree 
t-haae  lag.  When  the  motion  occurred  about  a  vurticai  axis  thuru  wag  vomiting  In  13. 3^  of 

the  aiilmala#  whe'-oas  when  the  motion  occurred  about  »-he  horizontal  axis  there  was  vomiting 

in  50,8^  of  the  animals. 

Lecknur  and  DlZio  (1969)  exposed  subjects  to  40  deg.o  ■  constant  VQiocJty  total  ion 
about  a  vnrtloal  axis  with  the  direction  of  rotation  changing  (at  300  dwg.a*^)  every  minuto. 
When  ruated  wearing  a  holmef  which  doubled  the  inertia  of  the  head,  aii  eight  subjactn 

e.’jpvrisnced  naiu-ja,  but  whin  tosted  without  the  helmet  thoro  wa.*^  no  nausea. 

7  2  Oeoilletion  mtoout  a  herisontel  eiiis 

Morton  et  al  (194*')  used  a  'roll-p.itch  roclter'  to  oxpoae  subject n  nirtiuJ taneousiy  t-o 
roll  motion  ('.hrouah  25.5  degrees)  and  a  combined  pitch  an  1  vertical  motion  through  3.6 
I'.ptreu  at  the  end  of  a  4.9  metre  urm  of  a  oce-aaw.  Oscillation  on  tlie  see-nnw  alone  at 
J25  Hz  rodulted  in  401  of  nubjccto  '».'ndting,  wntrecKa  with  this  mnllon  cnmLilnnd  witl.  roll 
m.-ticr.  av  O.OH  Wi,  33'i  ef  subjec*;  ;  vomited.  Tho  lllnoun  rnfen  w^'rn  .nimll.-iJ  Iti  botli 
cundlt  Ion..'  .hhJ  t  h«  authets  '^onc Lvi.Je.1  that  verJ  ir;.=il  motion  Irom  thn  fjoc.snw  was  tho  cnmu*  ot 
t.fio  ,'i  i  okncn.s .  A‘»nu'*il’  ,  fj  it.i.'roldal  vortlc.nl  motion,  tin*  motion  (lUjknoiUi  done  vnlur 
proc'odii i.o  vouid  predict  abutil  1  ol  pei.scuin  l.H?i:onii lui  nick  during  1  )u.iut  c*xj>otiUtn  to  t.hlu 
motion.  I  f.'){nesa  wss  .slightly  qrealer  when  t  hn  niMos.iw  03i:  I  M  at  oil  at  .ibout  D.li.  ll.'.,  ..iij 
lower  wlieri  i‘  oscUlritod  at  about  0,09  Hz.  IT  the  luH  l.bmntroii  of  dlapl.iOumHirt  wau  Ub»”Cl 
rit  .'i  I  J  f  reque'iclos,  thene  change,  wltli  frequency  nre  con.n  1 -it.  n.t  wlt;li  liiut  too  nlckneuy  on  1  ny 
ijav.a-’U  by  ve  tlca).  oaclllation  and  ponnjbjy  consistent  the  motion  .'jlcknony  closi.'  value? 
pi  oiy'du re. 

Iga*rishi  et  al  (1987)  exposed  aqulriel  motikey's  oHcillatory  motion  »»bout  .ui 
horizontal  axis  while  viewing  within  an  optokinetic  drum  onciiiatlng  If.  the  Hamf*  axis  and 
by  the  same  amount  but  with  a  45  degree  phase  difference.  Os  :i I J.ition  at  0,25  Hz  with  an 
amplitude  of  90  deqroos  provoked  slckne/sa  in  n-  rma.l  monkcy.a  but  w  ?r  dBcroiaed  in  those  with 
flurgl'^al  removaj.  of  otolith  end  organs. 

McCauley  ei  al  (  1  976)  Investigated  response  to  pitch  and  roll  moticri  at  0,11.5/  U.230 
or  0.345  Hz  with  magnitude.^  in  the  range  5.5  to  33.2  deg. s''  r.m.a.  When  the  rotational 
tnotiona  wore  added  to  a  vertical  motion  -.>f  0.25  il:*.  at  l.l  ma*’  the  incidence  of 

•sl  ’kne.sR  Wds  not  a  ignl.f  ictUit  1  y  different  from  the  inciJe.ice  of  slcknass  with  tho  vertical 
motion  alone.  No  subject  vomited  with  roll  motion  aione  (33,3  dog.;?'  .it  0.345  Hz)  but  l;wo 
fl'JbJecta  vomited  with  this  magnitude  of  pitch.  Tho  authora  conoJiido  that  tho  re.sulta 
support  l  he  view  that  vertical  motlo.i  iw  the  cause  of  swdaicldiuaa  and  infer  that  head 
motion  during  vertical  oscillation  rn,-*y  not  contribute  to  sickness, 

Vhe  effects  of  rotational  oscillation  about  an  earth-hor izon^'al  axis  ac.  45  degree.^  to 
llio  x-rtxea  and  the  y-axes  of  seated  subjects  was  invest tfj.ited  by  hoinJek  s'ld  BleJ  (1909). 
over  35-minijte  expo.aures  to  oscillations  (iO  degc'ses  peak  at  0.025  Hz*  0.1  Hz  and  0.025  (It 
*  0.1  Hz),  subjects  performed  varl.-5or  tasks  and  rated  subjective  svinptums.  No  subject 
vomited  but  symptoms  increased  with  exposure  time  and  were  geeatase  when  there  was  no 
oulsldp  view.  The  provisloi  of  an  artificial  horizon  reduced  motion  sickness  ay.Tiptciiie . 
The  tn.ska  ificluded  a  requlichient  to  ma)^©  4b  degree  head  movements  and  the  authors  speculate 
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LhaL  CorioiiB  ettecta  may  iiava  conticibuted  to  aicknaaa. 


e.  CORIOLIS,  OR  CROSS-COURLBD,  STXMOIAVXON 
6.1  Prineipltt*  of  evofi-eouploS  •tinuli 

If,  while  the  body  undergoos  constant  speed  rotation,  the  head  is  rotated  about  an 
fix.lQ  other  *  han  the  axis  of  constant  speed  rotation,  nausea  and  other  classic  nymptoms  of 
motion  sJcknass  rueiy  appear.  Moat  commonly#  the  eubject  la  rotated  on  a  chair  about  the 
vertical  axia  and  required  to  make  pitch  or  roll  movements  of  the  hnud.  In  the  sensory 
conflict,  theory  this  la  aaaumed  to  arise  from  the  otoiitha  sending  the  correct  information 
on  head  movetnenta  while  th«  semlciraular  canals  give  a  false  indication  of  huad  movement. 

The  'false'  indication  of  head  motion  produced  by  the  aemicircular  canala  arises  when 
a  canal  is  rotated  so  ss  to  change  Ine  extent  to  which  It  ia  within  the  r^lanr^'  of  the 
constant  speed  rotation.  Consider,  for  example,  n  vertical  canal  with  constant  apood 
rotation  occurring  about  ths  vrrtical  axis  (i.e.  In  yaw)  so  that  the  canal  is  not  in  the 
plane  of  the  rotation.  Assume  the  canal  is  then  rotated  forwetd  in  pitch,  so  as  to  become 
horizontal  and  in  the  plane  of  rotation.  The  rotational  velooity  of  the  canal  will  have 
changed  from  zero  to  the  velocity  of  the  conatent  speed  rotation.  The  fluid  within  the 
canal  (i.e.  endolymph)  will  need  to  accelerav.e  to  reach  the  sf  id  of  rotation,  Until  this 
speed  is  rnochad  the  endolymph  will  deflect  the  cupula  and  ao  indicate  that  there  has  been 
a  change  oi  rotational  velocity  in  the  planr  of  the  canal  (i.e.  in  the  yaw  axis  of  the  body 
but  in  the  roll  axis  ol  the  head,  for  pitch  head  movements).  However,  the  only  movement 
of  the  head  containing  tha  canal  has  been  in  the  pitch  axis.  So,  while  the  aeinloircu.lar 
cana.U  Indicate  pitch  and  roll  rotation  of  the  head,  the  otoiitha  and  proprioceptive 
i.nfoLmation  indicate  only  a  pitch  motion  of  the  head.  In  sunuaary,  when  a  parion  la  exposed 
to  continuous  rotation  about  one  axis  and  makes  a  rotafy  movemont  of  the  head  about  a 
aocond  axis,  there  in  a  ''oeilng  of  being  rotated  in  a  plane  approximaioly  orthogonal  uO  the 
two  true  motlona . 

The  above  i.UuBtration  Is  only  a  simplified  Intrcduction  to  the  cross-couplud  effect, 
if'or  example,  It  is  also  noceesary  to  consider  the  signals  that  arise  from  c/'nais  that  leave 
tlie  plans  of  rotation.  fc'or  a  canal  orientated  horizontally  and  exposed  to  rotation  at 
uot^atant  speed  for  about  30  a  or  more  the  endolymph  in  trie  canal  wil.i  oe  rotating'with  the 
wa.lld  uf  Uie  canal  and  will  then  oauae  no  deflection  of  the  cupula.  Suppose  thal  the  uanal 
ifl  now  lotated  in  pitch  while  still  undergoing  constant  speed  rotation ‘about  the  vortical 
axis  of  the  body.  When  the  canal  becomes  vertical  there  will  be  no  rotation  In  the  piane 
of  s*-!nail:4.vUy  of  the  ounaJ  .  The  decrease  in  rotational  velocity  will  result  in  the 
endolymph  dnfI*»c:Ling  the  cupula, 

For  pitch  head  motions  while  exposed  to  constant  spaed  yaw  rotation  of  the  body,  the 
behaviour  of  canals  in  the  roll  and  yaw  axes  of  the  head  may  follow  the  above  general 
nxplanation .  A  canal  sensitive  to  motion  in  the  pitch  axis  oi  tho  head  would  remain  out 
of  the  plane  of  rotation  at  .-ill  times  and  would  Indicate  liead  movement  as  if  there  was  no 
constant  npeud  rotation.  Tf  the  head  were  to  be  rotated  in  roll  while  undergoing  constant 
speed  yaw  rotation,  the  'erroneous'  signals  would  arise  from  canals  Bensit.lva  in  the  pitch 
a, id  yaw  axes  -  a  canal  sensitive  in  tho  roll  axif.  would  give  the  same  roll  signal  as  in  the 
absence  of  constant  speed  rotation.  tn  practice,  the  semicJraular  oanals  are  not  truly 
oL't Ik goiial  and  aligned  in  the  pitch,  roll  and  yaw  axes  uf  tho  head.  Consequently,  some 
change  will  be  IndJcatud  by  all  throe  canals  during  most  head  motions.  It  la  assumed  that 
the  adapi.lve  processing  of  signals  from  canals  allows  for  tho  resolution  of  the  signals 
Int.a  pitch,  roll  and  yaw  [notions  ot  the  head  (see  ilectiun  8.2.2), 

rhi,  aeniKiry  ‘tonfllut  explanation  of  sickness  produced  by  croBs-i.cup  1  ed  tiL  Inmlat.  i  on 
unu.il.ly  n.')nutnc.'3  that:  the  otollthn  tjlve  a  signal  dependent  on  their  orientation  wiLh  i-eapect 
to  gravity  and  are  unaf fecM.ed  by  the  constant  speed  rotation.  However,  as  the  otoliths 
move  lUWiiy  1  tnin  the  oinLre  ol  roLation  l.hero  will  be  centripetal  rorcen  and  tranu  L^itlonai 
iici.’o  1 1.« rat  1  on .  Those  might  he  .-ilgnj  flc.int  In  some  cases, 

Tlu*  direction  of  the  illusory  sensation  Intiinluood  when  the  semi-ni i:culac  canals  enter 
and  leavu  the  piarns  of  rotation  can  be  envisaged  without  mathematical  derlvationo,  Suppose 
llii*  ctjnsLarJt  opeed  rutai  iuii  is  In  the  clockwise  direction  (looking  down  on  the  subject)  and 
1  Ik?  h'>ad  In  rull.ed  to  the  left.  An  'idealised  seml-clrculrtt  canal'  orientated  in  the  roll 
plane  of  tlio  h«  ad  !a  not.  In  the  plane  of  constant  speed  rotation  at  any  time  during  the 
hi?ad  Miovcrnffit.  Th^  signals  given  by  t.h.*.a  canal  am  therefore  tho  samu  as  in  the  absence 
of  constant  speed  rototiori.  A  canal  orientated  in  the  pitch  plane  of  the  head  enters  tlie 
plane  of  rolstlon  when  the  head  is  railed  to  the  left  and  will  incicate  an  increase  in 
pitch  velocity.  Signals  from  thi-  canal  would  not  occur  with  this  head  movement  in  the 
absence  of  the  constant  speed  rotation.  The  yaw  canal  which  leaves  i  ho  plane  of  rotation 
will  Indicat"  a  decrease  in  velocity  -  again,  a  change  which  would  not  occur  Jn  the  absence 
uf  constant  .speed  rotation.  The  overall  Impression  cauneo  by  a  pure  roll  movement  of  the 
head  Is  a  combined  movement  involving  roll,  pitch  and  yaw,  Figure  12  provldee  a 
dlagruminatic  illustration  of  the  signals  that  may  be  expected  from  canala  orientated  in  the 
roll,  pitch  and  yaw  axes  of  the  head  when  making  a  roll  movement  of  the  head  during 
constant  speed  rotation.  The  asmi-circular  canals  are  not  capable  of  detecting  constant 
speed  rotation:  in  Figure  12  it  ic  asBumed  that  the  head  has  bean  held  atationary  during 
c-Tistant  speed  roLstion  long  enough  for  the  effect  of  any  previous  head  movement  (and  the 
original  acceleration  of  thn  turntable)  to  have  decayed.  The  decay  in  turning  aensation 
after  ths  roil  movement  Is  shown  in  the  figure. 


1.2  Nttuctt  o£  praetleal  ereti-ooupltd  taats 

Various  purposa-bullt  devices  and  proprietary 
rotating  chairs,  often  designed  for  vestibular 
tunction  tests,  have  oeen  used  to  generate  croaa- 
doupled  stimuli.  The  teat  is  usually  conducted  with 
geated  subjects  rotated  about  their  vertical  axis 
(i.e,  yaw  rotation  about  their  s*-aHis)  .  The 
principal  vsciablen  involved  in  the  test  aret 
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not 
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exhaust Wuly  studied  but  some  general  conclusions 
appear  possible. 

1.2.1  l££«ot  c2  rata  and  divaatlen  e£  rotation 

The  nature  of  the  cross-coupled  stimulation  is 
juch  that  greater  rates  of  ro.iation  would  be  expected 
to  produce  greater  magnitudes  of  M..l.lu8ory  motlohs' 
and,  presumably,  a  higher  incidence  of  sickness. 


-  Angular  velocity 

Angular 

velocity  -  Turning  seneatlon 


Using  90  liegrue  movements  of  the  head,  Mil  ler 
and  Grnybiei  (1969,  3  97Qd,  137()b,  1970c,  19. M) 

Investigated  aicknese  aa  i\  function  of  rotational 
velocity  from  1  to  30  rpin  (I.e.  0,0166  to  0,5  Ha/  6 
to  180  deg.s'M  .  Blindfolded  aubjooto  made  movements 
to  th.t  front,  right,  back,  left,  front  returning  to 
the  upright  between  each  movement  and  holding  each 
head  poaition  for  1  a,  After  completing  this 
scaquence  oi’  5  head  movomonha  in  14  s  they  pauiied  for 
20  a  before  tepeating  the  same  series  of  head 
motions.  There  ware  Jarga  intex'-eiubject  differences  with  some  subjects  giving  useful 
results  in  the  range  i  to  10  rpm  while  othoto  could  be  testod  over  the  range  5  to  30  rpm. 
Noverth^lese,  for  all  aubjocts  the  numbmr  of  head  mevenents  required  to  roach  both  ^severe 
nislaioe'  (M  lit)  and  'modorate  malaise'  (M  llA},  dwereasod  as  tho  rate  of  rotation 
inr-roased,  (The  .system  used  to  Identify  and  rate  the  aymptoins  of  motion  sickness  was  that 
dhvelopad  by  Orayblol  e{:  al,  1968/  .see  Tables  and  2b).  Presenting  the  data  on 

logarithmic  ecalna  showed  that  there  was  at  loaat  a  lOtl  difference  in  the  number  of  head 
movements  required  far  muderate  malaise  by  the  moet  and  least  sensitivo  subject  at  a  fixed 
irai'.e  of  rotation.  DlCforont  subjects  showed  similar  rates  of  decrease  of  the  logarithm  of 
the  number  of  nfiad  .’novamenln  with  the  logarithm  of  the  Increase  In  the  rntc  of  rotation. 
The  nvoruge  slope  uppenru  to  have  been  such  that  there  was  an  inver.so  relationship  between 
th*'i  number  of  head  movements,  N,  before  moderate  malaise  and  tne  rate  of  rotation,  R, 
r/sised  to  thra  power  ot  1.7. 


riguti  X2  Angular  velocity  of 
semi-circular  canals  and  sensation 
of  turning  produced  by  xoll  head 
motion  during  constant  speed 
rotation  about  the  *-axis  of  the 
body.  (Idealised  canals  in  the 
roll,  pitch  and  yaw  planes  of  the 
head.  After  Benson,  1984). 


Miller  and  c.ir.iyblel  determined  the  'average  stressor  effect'  (K  factor)  of  a  aingie 
ho-’id  movement  nt  each  rotat I on.’»J  velocity  for  both  modorate  malai.se  (M  IIA)  and  for  aevere 
iiki  i  <»  I ‘ji!  (M  1,11).  VaJuun  (■■.•i  ol  liur  degroe:!  of;  maUJue  wore  cilso  deV.ormined  (Miller  and 
I'lrriyl.)  i  e  1 ,  1970i.:,  'I’lie  I  cuj.ir  i  I  ImiLo  i  ul  <il  lotiah  1  p  belwetm  t.hu  P)  factors  and  chair 

vi'liK.'lly  loi  live  levels  ol  mot  .ion  a  1  olt'ie.M.*;  neverlly  are  ?.iliown  In  figure  13. 


Tlie  i7)t  lolia  Sickijo.’sy  IMI  ify  IjkIox,  t'SKf,  was  dofirK’d  an  (.lie  product  of  I  he 

fiVi'iaqe  sl.riiU-ujr  cd'  .i  single  hold  iiinvomonl  (K  factor)  wltfi  the  nvimber  t.'f:  head 

iiuivi,i|in-'nl,  n  n-'gulniil  l  u  iiH*el  l  fn;  rlrejl  r.jd  luollori  .'iloknoKd  Qlitlpolrttj 
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TIk'j  vuiii"  of  K  can  be  obLci.lnud  from  P'lgun?  13,  Alternatively,  CfSSt 
oa  1  cii  1  at  o'd  from  the  following  equatlonsj 
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values  can  be 


Till’  lrtdi’:<  wa?j  arcanyed  no  that  piart  Iv-aJ  ChSt  values  would  fall  within  the  range  0  to  100, 
w.Li  h  ycoreii  lnore*'Hing  for  lews  susceptibio  aubjecta,  A  value  greater  than  100  would  bo 
abi.ilried  by  a  sub  ject  who  requlied  more  than  J  50  head  movements  to  reach  moderate  maiaifle 
.it  a  revoiutJon  rate  of  30  tpm.  High  CSSI  values  indicate  that  a  subject  is  resistant  to 
mot.lon  elcknesM  whl.Ui  low  CM.IT  values  Indicate  high  susceptibility. 


The  Coriolis  Sicknoss  Stisceptibility  index  provides  a  means  of  quantifying  individual 
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E  Factor 


rifur*  13  r^eiat.ionahip  betwean  the  E  factor  and  chair  velocity  Cor  five  love  La  of 
motion  aXckneafl  aeveritVi  The  E  factoc  indic-atea  'average  atrennor  einoct*  of!  a 
□  ingle  head  movement  at  each  velocity.  (aoe  Mli-ler  and  GraybUil,  1970c). 


ausoeptib.llity  to  aiokness  by  determining  the  number  of  head  movements  reguiced  during 
rotation  at  any  rotation  rate  between  2iD  and  30  rpm  to  cauae  a  dotined  degree  of  malaiae 
(on  the  scale  shown  in  Tablen  2&  and  2b,  Graybiel  et  ai,  1960).  if  tho  CSSI  value  Cor  a 
oubject  is  known  it  bectunes  posiaible  to  predict  the  rate  of  rotation  that  will  be  raguired 
to  cauflo  the  required  motion  aickness  ondpoint  within  a  derined  number  ot  head  iiiovemeintu , 
Miller  and  Oraybie.l  (lIVOc)  nuggeated  that  moderate  mn.lalne  (M  IIA)  y.lnld'?d  thr-  hoMt 
balance  between  subject  aacoptabiiity  and  test  confldonae. 

Th*.^  CSSI  values  reported  by  Miller  and  Ciruybiol  (1969,  l97Da,  1970b,  I970r;)  woro 
doterminad  with  blindfold  aubjocta  and  tho  pattern  of:  90  degree  head  movoincnits  doncrlbod 
above.  Otlier  viauai  conditiona  or  other  types  or  patterns  of  movomant  may  not  provido  the 
jsme  values. 

For  sever'd  malaise  <M  III),  Miller  and 
Graybiel  (1969)  found  a  high  tost-retest 
reliability  when  CSSI  values  were  obtained  on 
two  occasiona.  Using  2b0  normal  subjects 
(mainly  aviation  students  and  flight  crow)  they 
found  that  the  distribution  of  CSSI  values  was 
highly  skewed  such  that  while  the  mean  value 
w.is  15.3,  the  median  was  10.0  and  the  mode  '/  to 
8.  Figure  14  illuntratoa  the  cumulative 
di nt ributlon  of  CSST  values  in  the  group. 

Miller  and  Graybiel  (1974)  report  almost 
idbUillcal  ill  Mtribiitiona  for  all  tour  levoJo  ol 
mulnlsn  (M  I,  M  HB,  M  IIA,  M  Hi).  Calklr.n  ri 
ai  (1987)  used  a  logarithmic  transiermation  to 
reducu  the  skew  in  the  distribution  ol  CSSI 
values.  They  also  showed  that  after  l.he 
.ipp  I  Ifjation  of  this  L  tana  formation  there  waa  .u 
' tcspuctable  reliability'  in  CUCl  values  aa 
indicated  by  two  nucccssive  exposures  of 
.subjects  to  the  te.st.  Miller  and  Graybiel 
(1  970c)  showed  that  there  was  a  high 
correlation  between  the  C3S1  valuea  of  subjects 
acrass  five  motion  sickness  end  points. 

The  C.SSl  Index  implies  that  a  doubling  of 
the  revolution  rate  will  have  a  greater  effect 
than  doubling  the  number  of  head  motions.  For 
example,  a  three  fold  increase  in  the  rate  of 
rotation  is  approximately  equivalent  to  a  six¬ 
fold  increase  in  the  number  of  head  movements. 

Kohl  et  ai  (1986)  defined  a  procedure  for  caiculating  the  value  of  the  CSSI  when 
subjects  have  been  exposed  to  a  sequence  of  motions  in  which  the  rate  of  rotation  has  been 
systematically  increased. 

The  application  of  cross-coupled  stimulation  requires  prior  judgement  of  the  rate  of 
rotation  which  will  result  in  the  desired  symptoms  with  a  reasonable  number  of  head 
movements.  Miller  and  Graybiel  (1970)  explain  how  responses  to  a  questionnaire  may  be  used 
to  determine  both  motion  experience  and  susceptibility  to  motion  sickness  and  hence  select 


Oorlolls  SioknesB  SusoeptWIy  Index 

Figure  14  Cumulative  distribution  of 
CSBI  values  in  a  group  of  avistlon 
students  and  flight  crew.  (The 
distribution  is  highly  skewed  -  meani 
15.3/  median:  10.0/  mode:  7  tn  8.  Data 
from  Miller  and  Graybiel,  1969). 
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an  appiopriate  ravolution  rate  tor  each  subject,  They  atata  that  when  M  ill  aymptoma 
(severe  malalao)  occurred  within  40  to  166  head  raovoments,  the  n.ir)n»  and  aymptoms  developed 
gradually  without  the  hazard  of  ptcvokinq  (tank  sickness  (vomit Ij’ii)  .  Conalntent  wltli  the 
data  in  Figure  14i  they  found  that  50%  of  subjects  reached  severe  I’lalaiso  with  a  CSEI  of 
10. 

The  dependent  variable  In  cross-coupled  vestibular  stimulation  ntudl.ea  can  be  either 
the  degree  of  nausea  produced  by  a  predetermined  stimulus  or  the  ntimiil.ua  required  to 
produce  a  predetermined  degree  of  nausea,  When  the  stimulus  la  predetecminedi  some  sc.-iln 
such  as  the  scale  shown  In  Tables  2a  and  2b  (Qraybiel  at  al,  1966)  may  be  used,  11  Die 
endpoint  is  predetermined,  some  measure  of  the  atlmulus  severity  Is  requ.ired.  This  could 
be  the  number  of  head  movements  required  when  exposed  to  a  constant  r.rte  of  rotation. 
However,  with  the  wide  Incer-aubjeot  variability  in  susceptibility  to  sickness,  it  is  often 
convenient  to  ineieaie  the  rata  of  rotation  aa  the  teat  proceeds  so  as  to  he  sure  that  moat 
persons  will  produce  the  desired  symptoms,  A  cumulative  measure  (such  as  total  number  of 
head  moyemdnts  executed  before  reaching  the  endpoint)  can  still  be  used  so  long  as  all 
subjects  receive  the  same  sequence  of  condltlone.  Another  advantage  of  this  type  of  tent 
Is  that  it  is  possible  to  prevent  subjects  developing  severe  symptoms  by  terminating  the 
exposure  when  the  signs  or  symptoms  era  lass  severs.  Consequently,  some  studies  have 
chosen  to  use  fixed  rates  of  rotation  while  othare  have  varied  the  rate  accopdlng  to 
subject  response. 

Some  studies  suggest  chat  the  magnitude  of  the  effect  (e,g,  perceived  t.lLt)  when 
making  head  movements  In  a  rotating  environment  are  linearly  related  to  the  rotational 
velocity  (Quedry  and  Montague,  1961) ,  Studies  In  a  alow  rotation  room  showed  that  more 
head  movements  were  required  before  subjects  habituated  to  Coriolis  stimulation  at  higher 
rotation  rates  if  the  rate  of  rotation  was  Increased  by  fixed  .steps  (see  Eeebion  9,3  and 
Heason  and  Qtaytalel,  19'?0)  ,  More  head  movements  were  requited  to  habituate  to  tlie  ohanqo 
from  9  to  10  rpm  than  the  chanqe  from  3  to  4  rpm.  hcaaon  and  Otaybiel  (19'/U)  recommend  the 
percentage  of  total  head  movements  appropriate  for  each  rotation  velocity  from  2  to  10  rpm 
when  using  1  rpm  Incraments  in  rotational  veloolty.  Using  this  information,  Benson  et  si 
(1991)  devised  adaptation  schedules  in  which  the  Increment  In  rotation  rate  dsoreassd  as 
the  rotation  rata  increased  so  that  the  number  of  head  rotations  required  was  similar  at 
each  new  rats.  They  provided  experimental  support  for  the  method  Cot  rotation  rates  from 
3  to  3,95  rpm,  Qoldlng  11999)  compared  resulte  obtained  with  fixed  and  variable  increments 
aa  proposed  by  Denson  et  al  (1971)  ,  He  concludes  that  the  findings  from  both  methods  are 
similar  if  the  severity  of  the  stimulus  is  expressed  as  the  integral  over  time  of  t)ie 
rotational  velocity  experienced  (equivalent  to  the  product  of  the  number  of  head  movam.enta 
and  the  rotational  velocity) , 

The  Brief  Vestibular  Disorientation  Test  (BVDT)  described  by  Ambler  and  Quedry  (19G6, 
1969,  1971,  19781  end  subaequently  employed  in  many  studies,  used  a  fixed  rotation  rate  of 
IS  rpm  (90  degrees  pet  second) ,  After  30  a  at  constant  velocity,  a  seated  subject  with 
olosed  eyes  makes  45  degree  head  movements  every  30  s  in  Che  orddri  right,  uptight,  left, 
upright,  t.lght,  upright,  loft,  uptight,  forward,  upright,  on  completion  of  the  sequence 
(330  s)  the  motion  is  stopped  and  the  subject  opens  his  eyes  after  sensations  of  movement 
have  ceased.  Quedry  (1969)  says  that  the  results  of  testing  SOO  student  pilots  with  tills 
test  showed  that  observers  judged  that  only  5%  of  subjects  romalned  unaffectud  after  dix 
head  movemants.  Ambler  and  Guedry  (1971)  show  that  the  tent  could  also  be  conducted  with 
a  'lower  rotation  rate  (10  rpm)  with  the  benefit  of  leas  subject  disturbance,  Danta  et  al 
(1987)  describe  a  modified  veraion  of  this  testi  the  subject  is  exposed  to  constant 
clockwise  rotation  at  19  rpm  with  ayes  closed  and  the  head  tilts  relative  to  the  plane  of 
rotation  every  30  s  for  a  total  of  10  minutes  or  until  the  subject  terminates  the  exposure 
due  to  symptoms  of  motion  sickness. 

Studies  using  variable  rates  of  rotation  include  a  series  ol  experiniHnta  In  which  the 
responses  of  the  autonomic  nervous  system  reaction  to  motion  slcknens  have  been  studied 
(e.g.  Cowlngs  et  al,  1977,  1996,  1990).  The  procedure  Is  similar  to  that  proposed  by 
Miller  and  flraybiel  (1969)!  blindfold  subjects  are  initially  rotated  at  6  rpm  and 
incremented  by  2  rpm  every  5  minutes  up  to  a  maximum  oC  30  rpm,  At  2  s  intervals 
throughout  each  5  mlnuts  period,  head  movements  are  made  at  45  degrees  In  each  of  four 
directions  in  response  to  recorded  voice  Instructions,  A  subjective  scaie  of  motion 
sickness  .severity  was  administered  at  the  end  of  each  five  minute  period  while  the  head 
movements  were  stopped  but  the  chair  continued  to  rotate.  The  time  to  teach  severe  malaise 
(M'  III),  or  the  number  of  rotations  to  reach  this  degree  of  severity  were  used  as  the 
dependent  variable.  It  appears  that  the  exposure  durations  before  reaching  this  endpoint 
ranged  up  to  55  minutes  with  a  median  of  19.5  minutes  among  a  mixed  group  of  127  males  and 
females  (Cowlngs  of  al,  1966)  .  Stott  at  al  (1984)  required  subjects  to  make  45  dogtoo  head 
movements  while  nxposad  to  a  rata  of  rotation  which  increased  at  0.1  deg. s  '  Until  15  rpm 
was  reached  (after  15  minutes)/  this  rate  of  rotation  was  then  maintained  for  a  further  5 
minutes.  Subjecta  who  had  not  taken  active  drugs  required  the  motion  to  be  stopped  after 
an  average  of  11  minutes. 

There  appaara  to  be  no  particular  virtue  in  using  clockwise  or  anticlockwise  rotation. 
Varying  the  direction  of  rotation  has  sometimes  been  used  to  reduce  the  chances  of  subjecta 
habituating  to  the  motions  (e.g.  Miller  and  Graybiel,  1970) .  Quedry  (1965)  exposed  nine 
men  to  10  rpm  of  counter-clockwise  rotation  In  a  slow  rotation  room  for  12  days.  The 
subjective  effects  (vertigo,  nauiioa  and  stomach  awareness)  caused  by  head  movementa  while 
exposed  ho  counter-clockwise  rotation  decteasud.  One  hour  after  the  end  of  the  12  day 
continuous  expoaute,  the  effects  of  head  movemeiita  while  expeaed  to  clcckwlaa  rotation  ware 
unchanged  from  those  while  exposed  to  clockwise  rotation  before  the  12  day  exposure  to 
countei-clookwiae  rotation.  Two  days  later,  responses  to  both  directions  of  rotation  were 
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di  mi  n  Lahutl,  bjt  J  iiioiilha  latter  te.-iponaeu  were  similar  to  tlioae  before  the;  l*i  day  exposuie. 

t.2.a  Bffaet  e(  (raqutnay,  dlraetien  m«I  tngl*  at  hud  aovmant 

As  the  aem.lcireulsr  osnala  are  not  truly  orthogonal  and  aligned  in  the  pitch,  roll  and 
yaw  axes  o£  the  head,  the  affect  of  roll  and  pitch  movements  of  the  head  do  not  have 
equally  provocative  effects  and  the  greatest  affect  la  not  produced  by  a  90  degree  head 
movement . 

Whereas  the  Brief  Veatlbular  Disorientation  Teat  (BVDT)  uses  45  degree  head  movements 
at  30  a  intPivala,  the  Coriolis  Blckneas  Suaceptlblllty  Index  (CSSII  involves  90  degres 
head  movamonta  at  I  a  Intervals,  In  some  teats  the  angles  cd;  head  movement  have  been 
meaautod  preclaely  whereas  in  many  they  have  been  baaed  on  loose  verbal  Instructions, 

Lentn  (1976)  descri.bed  a  chair  In  which  headreata  pcait toned  the  head  either  In  a 
normal  upright  position  -  with  the  lateral  semicircular  canals  in  the  plans  of  rotation  - 
or  with  thw  head  rotated  90  degrees  forward  and  45  degrees  to  the  left  so  as  to  place  a 
pair  of  vertical  semiolroular  oanala  in  the  plane  of  rotatlor ,  Thia  ohair  waa  uaed  to 
study  turning  aenaatlons  (not  to  produce  motion  slckneBa)  ,  Subjacta  maintained  their  heado 
ih  one  of  the  (two  positions  throughout  a  2  minute  axpoauro  tc  18  anoonds  of  acceleration 
(A  dBg,s"'l,  followed  By  conatant  velocity  rotation  (90  dogru-sa , (  15  tpmi ,  followed  by 
deceleration  (at  5  deg.a''), 

lavlor  ef  al  (1957)  describe  a  tost  in  which  blindfold  mibjeota  were  strapped  In  a 
supine  position  on  a  turntable  rotating  In  the  horizontal  plane  nk  .30  rpm.  The  head  was 
moved  moohanlcally  through  a  vertical  arc  of  36  degioea  and  back  with  a  cycle  time  of  24 
seconds.  The  authors  state  that  this  teat  produced  nausea  and  vomiting  within  2  or  3 
mlriutee  In  sutajeote  unaccustomed  to  the  motions  ol!  elroraft, 

1.2.3  Kfaet  of  gravitatlenal  fetea 

Lackhut  and  Qraybial  (1984,  1986b)  found  that  the  strength  of  symptoms  Induced  by 
orosB-coupled  stimulation  were  dependent  on  the  gravitational  force,  When  this  was  reduced 
(during  flight  manoeuvres  or  In  spaoe)  the  stimulation  was  less  effective.  When  the 
steady-state  force  field  waa  Increased  the  effects  were  Intteaaed.  They  suggest  that  the 
effect  may  be  partially  due  to  reduced  aCfectlveneaa  of  semicircular  canal  function  when 
there  Is  reduced  otolith  signals.  Additionally  they  suggunt  that  the  cihanges  in  motor 
control  and  sanaory  feedback  required  with  different  acoelecatloii  rields  may  bo  relevant, 

2.3  new  eetetien  reea 

Various  studies  have  been  couductud  In  which  auh-)eots  have  been  placed  in  rotatinc, 
rooms  rather  than  on  a  rotating  seat,  'Slow  rotation  looms'  15  or  20  feet  in  diameter  and 
7  ot  10  feet  high  allowed  the  provision  of  aocommodatloh  and  the  ability  to  expose  subjects 
for  periods  of  several  days.  The  tooma  were  oonatruotad  to  provide  Information  for  manni'd 
orbiting  satsllltos,  urayblel  (1969)  aald  that  rotation  at  1  rpm  gives  little  or  no 
dlsturbenoe  of  veetlbular  origin  but  "at  10,0  rpm  it  is  aomparable  to  ospoaure  on  rough 
ssaa" , 

It  has  been  found  that  there  can  be  adaptation  ho  the  occu.logyral  Illusion  in  n  slow 
rotating  room  over  a  few  days  larayblol  ot  al,  19611.  Thoro  Is  evidence  that  habituation 
to  motion  elckneaa  acquired  while  standing  parallel  to  the  axis  of  rotation  transfer!,  to 
the  crlontat.ton  with  the  aubject  at  right  angles  to  the  axis  ot  rotation  (Qr.ayblsl  »c  al, 
1968),  Graybiel  et  al  (1969)  found  that  incrementing  the  rate  of  rotation  by  1  rpm  per  day 
up  to  10  rpm  resulted  in  no  overt  symptoms  of  motion  sickness  whereas  sudden  exiiosurit  to 
10  rpm  Invariably  led  to  motion  slcknass  among  aubjecta  performing  set  tasks.  All.emptii  to 
li.ihituate  to  in  rpm  ovsr  shorter  periods  werg  urisuooeasfui .  Using  rotation  rates  of  7.5 
.iiirl  20  rpm  (.Irnyblel  (  1970)  found  no  difference  )n  susropt  Ibl  1 1  ty  to  motion  sickness  between 
blind  and  normally  sighted  peraon.s  -  althougli  slglited  persons  tended  to  bo  mote  susceptible 
wil  li  tho.lr  eyed  open.  Ooaterve.'.d  ot  al  (1972)  found  that  19  aubjacts  were  more  siiscopt  Ible 
10  rilcknes.n  when  making  head  movements  In  a  rotating  room  wUh  eyes  open,  threu  wert  mori: 
susfopt Ibl o  with  eyes  closed  and  two  were  equally  auseeptlblo  In  the  two  condlticns. 

The  slow  rotation  roum  has  also  been  used  to  evaluate  the  effectiveness  of  some  .inti¬ 
mation  Dlckrssa  drugs  le.g.  Weed  et  al,  1966)  Wood  and  Graybiel,  1968,  1970/  Oraybl,*!  et 
al,  1976,  Graybiel  ec  al,  19611  ,  in  a  typical  experiment,  subjects  seated  away  from  thu 
centra  of  rotation,  were  required  to  perform  teaks  requiring  head  movements  In  roil,  pitn'i 
and  yaw.  In  a  control  condition,  the  rate  of  rotation  was  Increased  (from  I  rpm  up  to  27 
rprn  In  1  rpm  steps)  until  subjeota  experienced  severe  melalae  (M  Ill)  within  about  40  head 
movomeiits.  The  number  of  additional  head  movements  poaalbls  with  thia  rate  of  rotation 
after  the  consumption  of  drugs  was  used  aa  the  meaaura  of  drug  effectiveness,  Oreyblul  and 
Knepton  (1970)  reported  mixed  aucceaa  In  providing  habltuetlon  to  motion  alckneas  among  a 
email  group  of  aircrew  In  a  rotatiuq  room. 


».  OTHUK  COKPLIX  NOTION  CONDITIONI 

The  motions  In  many  forms  of  transport  are  causae  of  motion  sickness  (aae  Table  )). 
In  moat  transport  env.'.ronments  there  are  motlone  In  several  axis  of  translation  and 
total  ion  and  the  motion  occuta  at  more  than  one  frequency,  Tot  many  envlronmenta  the 
dliBctions  and  Croquonciea  of  the  motion  primarily  reaponalhle  for  alcknaBS  have  yat  to  be 
proven  beyond  reasonable  doubt. 

Seasickness  .Is  often  primarily  caused  by  low  frequency  vertical  motion  (see  Griffin, 
1991),  However,  the  vertical  motion  la  partially  caused  by  tlia  pitch  motion  of  ahlp.e  so 
the  i  neidence  of  vomiting  And  illnvsa  Ia  usually  highly  oorrclatad  w.^th  both  tht  vt-'tiCAl 
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liiuLiun  aiKl  Lliu  plLcIi  iHuLiun  uL  vuu:>uiii.  .'.‘ii'cu  aua  condiLlona  which  inctedso  Lhe  pitch  and 
the  vertical  motions  of  vessels  also  incraasa  the  motions  in  other  there  can  bo 
atdtiatically  significant  correiationa  between  the  Incidence  of  motion  aickneas  and  the 
vesa-^l  motions  in  all  axoo.  The  traveller  suffering  from  ssaslckneas  may  not  be  able  to 
Identify  the  axis  of  motion  causing  the  problem. 

The  'ride*  in  road  vehicles,  and  efforts  to  Improve  the  comfort  of  person  in  road 
vehicles,  is  dominated  by  consideration  of  the  effects  of  vibration  at  frequencies  in 
excess  of  "  Hb,  However,  them  is  no  evidence  that  oaolllation  of  the  human  body  at 
frequencies  greater  than  X  Ha  is  a  significant  cause  of  motion  oickness  in  such  vehicles, 
The  motions  causing  sickness  must  be  at  lower  frequencies.  It  seems  unlikaly  that  vertical 
motion  is  normally  rufficient  to' produce  the  high  incidence  of  sickness  that  occurs  in  road 
vohiclas,  hcceletatlona  in  the  horizontal  d*rectl.ona  are  mote  likely  ceurea  of  motion 
sicknens  but  there  ara  currently  no  dose-effect,  relationahlpa . 

The  phyt'iual  causes  of  aj.rsickness  have  reciiived  itius  investigation  than  the  physicbl 
causes  of  seasickness.  I'he  complex  motions  on  aircraft  vary  greatly  between  aircraft  ind 
dupend  on  the  flight  condition.  It  seems  probably  that  some  forms  of  alrsickneas  are  due 
to  low  frequency  vertical  oscil let  Ion,  but  dose-effect  information  is  not  available, 

Various  studies  of  motion  sickness  in  gravltO'^inertial  force  tiolds  other  than  I  G 
have  been  undertaken,  In  studies  during  parabolic  flight  in  aircraft  It  has  been  found 
that  at  siero  Cl,  movemento  of  the  head  in  roll,  pitch  or  yaw  increase  motion  sicknass  and 
that  the  yymptomn  ai'i  yreutttst  with  the  eyes  open  (Lacknev  and  Orayhiel,  1964).  Pitch 
movcmwntfl  of  thw  hoad  and  trunk  through  90  degreas  with  the  eyes  open  hed  the  most  severe 
a}. fecLa.  similar  results  were  obtained  when  the  study  was  repeated  at  2  G  but  the  symptoms 
tended  to  be  mote  nevatn  (Lackhat  arid  Qraybioi,  1986a,  19C7) ,  'Space  motion  aickneas'  is 
ufi.on  v>rovr)kod  by  head  motion  and  was  not  a  problem  In  small  8paoi?iorti.''t  which  allowed 
little  or  no  movement. 


10.  vxaaxLLy-zMouciD  motion  siCKNiit 

Movement  of  a  Inrgu  visual  scene  gives  the  lilualon  of  seif-motlcn  in  the  opposite 
(1 '■.roof. ion  1  Thw  ilMnUun  may  be  produced  by  translation  of  the  vieaul  field  past  the 
obaerver  (linear  voction)  or  ••otation  of  the  visual  field  around  the  observer  (circular 
verjtion)  .  These  illuaiana  may  not,  in  thamsoivea,  cause  sicKnoss  but  the  ocoutrenae  of 
oth"!r  motions  (copoclal  1:,  haai  motions)  while  experiencing  an  ilias.^ry  motion  con  bo 
nauseoqenlc.  Cl.rcuJ.ar  voction  Is  more  eMolly  simulated  and  has  been  most  studlud. 

10. t  >««u4o-0oifielit 

The  Coriolis  affect  occury  if,  while  the  body  ia  rotating  about  one  axis,  tho  head  is 
rotated  about  another  axis  (sae  Section  8),  Dichganu  and  Brandt  (1973)  used  the  tetm 
' paeudo-CorioUs  effect'  to  desoribo  the  similar  oonsequanoeu  that  arise  If  head  movementn 
are  made  during  circular  vactioti. 

In  the  Dichgans  and  tira'.dt  experiments  .subjects  sat  at  the  cent  re  of  a  1,5  I'l  diameter 
cylindrical  drum  with  Its  axlu  vortical  and  having  inner  waile  w.lLh  altornate  white  and 
black  vertical  otripoL  aach  oubtondlng  7  degreeo  at  the  eye.  (Tills  appa*. 't'^s  is  sometimea 
ual..i.od  an  'optokinetic  drum')  .  Using  45  degree  head  movements  to  the  right  and  left  during 
rott’it.lon  about  the  vortical  axle  at  15  rpm,  they  compared  the  numbsr  of  head  movements 
requirud  to  produce  mot iun  nlcknesH  in  three  conditional  rotation  of  tho  drum  only, 
rotation  of  tho  chair  only  and  combined  rot.itJon  of  tho  chair  and  drum.  All  three 
r-ondlt  Icjnn  produced  olcknoa.'s  with  the  'drum  only'  rotation  tending  to  require  most  head 
iiiovt?inwi)t  B  and  Lhe  combined  rul.atlon  of  chair  anr{  drum  requiring  I  h©  least  head  movementa 
1  fi  r;au.'3«  pilr’kneflf).  TIui  riamn  Heurtatlons  ver.i  nxperlwriced  by  nubjecta  in  all  three 
coiidl  I.  lann , 

l.acKribr  and  Toixoira  (1977)  found  llt.Llw  difference  In  the  motion  sinkness  symptoms 
(jxpc I  1  uiK.'od  whw'i  BUbjwct  a  hvlJ  the  hciacl  tiletiunary  or  moved  the  head  from  ahouldat  La 
shoulder  whila  viewing  within  an  optokinetic  drum  with  ratej  of  rototion  increased 
I uct'emeiiLa  1  ly  from  1.66  to  13.33  rpm,  There  was  a  trend  towards  fewer  symptoms  when  Lhe 
head  wan  hold  atatlonary.  They  ropotL  that  sympto.ns  wore  not  the  same  as  tho.ie  experienced 
during  Coriolis  atihiulatlon  -  powsibly  breause  the  incremnntal  charges  in  the  rotation 
velocity  rcaultvd  In  uhly  a  f»?w  aubjeett-  experiencing  the  paeudo-Cot lolls  effect  when 
itujvlnq  tihn  head. 

Uoing  tuiudomly  positioned  black  dots  on  the  Interior  of  a  white  sphere,  Vang  and  Pel 
(1991)  .InvesUgated  the  ueverity  of  motion  slckneea  in  seated  subjects  arising  with  various 
dlrectlnna  of  sphere  rotation  (at  7.5  rpm)  and  head  rotation  (120  degrees).  During  roll 
motion  of  Lh«  drum,  head  movementa  in  roil  reduced  motion  sickness  while  pitch  and  yaw  head 
muvementfl  caused  no  significant  change  relative  to  the  condition  with  no  head  movement . 
During  pitch  motion  of  the  sphere,  head  movements  in  roll,  pit'.tih  and  yaw  significantly 
reduced  motion  elckneoa  sympt'^mo.  During  yaw  axis  rotation  of  the  sph-^re,  head  movem-nts 
in  roll  and  pitch  aiqn.lt tcantly  Increased  motion  sickness  symptoms  while  yaw  axis  head 
motions  nad  no  effect.  The  ©ffoct  of  head  motion  was  most  detrimental  with  yaw  rotation 
of  thu  sphere  and  most  beneficial  with  pitch  rotation  of  tha  sphere.  This  may  be  explained 
in  terms  of  the  strength  of  the  iiluaory  sensation  of  turning  (circular  vection)  beirrj 
strongest  with  yaw  rotation  of  the  sphere  and  weakest  with  pitch  rotation  of  the  sphere 
I  see  Section  10.2) . 
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10.2  Ciffoulsr  v^otlon 

Varioua  studiaa  have  produced  motion  aicknees  without  head  motions  using  a  drum 
similar  to  that  deviaed  by  Dichgana  and  Brandt. 

Daunton  et  ai  (198^1  compared  the  incidence  of  motion  sickness  in  27  squirrel  monkeys 
exposed  to  constant  speed  rotation  about  a  vertical  axis  with  a  view  of  the  laboratory  with 
the  sickness  that  occurred  within  a  rotating  optokinetic  drum.  With  a  rotation  rate  of  10 
rpm#  70%  of  animals  retched  cr  vomited  when  they  were  rotated,  while  74%  retched  or  vomited 
in  the  rotating  optokinetic  drum.  At  25  rpm  all  animals  retched  or  vomited  when  they  were 
rotated  and  Bl%  retched  or  vomited  within  the  optokinetic  drum. 

Using  drum  rotation  at  10,  rpm#  Stern  et  al  <1985)  found  that  14  out  of  21  aubjacts 
developed  symptoms  of  motion  sickness  in  a  15  minute  exposure.  E'ive  subjects  requested  the 
drum  motion  to  be  stopped  before  15  minutes.  Hu  et  si  (19B9)  found  that  symptoms  of  motion 
sickness  increased  sppreciably  as  the  rotation  rate  of  the  drum  increased  from  2.5  to  10 
rpm  but  fall  when  the  speed  was  increaiied  further  to  15  rpm.  Using  s  rotation  rate  of  10 
rpm,  Stern  et  ai  <1990)  found  that  symptoms  of  motioii  sickness  could  be  greatly  reduced  by 
restricting  the  subjects  to  a  15  degree  circular  field  of  view  or  providing  them  with  a 
fixed  visual  target.  Hu  et  si  {1991a)  found  that  exposure  to  a  circular  vaotion  drum 
rotating  at  2.5  rpm  and  5  rpm  foe  periods  of  4  minutes  reduced  susceptibility  to  sickness 
during  subsequent  exposures  to  10  rpm  for  16  minutes,  Using  10  rpm  rotation  of  a  circular 
vection  drum  0.76m  in  diameter  with  alternating  5.7  degree  black  and  9,3  degree  white 
stripes  and  a  fixed  head  position#  Hu  et  ai  (i991b)  found  that  symptomo  of  siokness 
decreased  over  successive  exposures  of  16  minutes  duration. 

In  studies  reported  by  DobJe  et  aJ  <1907,  1909a#  1989b)  most  aubjocts  tolerated 
appreciably  less  than  20  minutes  of  exposure  to  drum  rotation  at  10  rpm  before  symptoms  of 
motion  sioknass  resulted  in  withdrawal  of  exposure.  Dobie  end  Muy  (1990)  report  moan 
tolerance  times  to  this  test  In  the  range  3  to  6  mihiitos  compared  to  mean  tolerance  times 
in  the  tango  2  to  3  minutes  Cot  .lubjocts  given  Corlulio  stimulation  (chair  rotation  at  10 
rpm  with  45  degree  tiils  in  the  frontal  and  lateral  plantio  uvwry  40  aecorida)  , 

In  a  study  of  optokinetic  and  veatibulo-ocular  reflex  roaponoea  to  proudo-randoin 
stimuli#  Peterka  ot  ai  U9a7)  found  that  no  subject  oomplalnad  of  aicknp.ia  wh(»n  the  ueatad 
.subjects  were  csci.Uated  in  yaw  In  a  darkened  room  but  20%  of  subjects  produced  symptoms 
when  a  visual  uLiiitUlum  was  lotated  abcut  the  stationary  aubjecto.  The  provocution  was 
greater  with  the  optokinetic  atimulua  even  though  the  maynilude  t.f  the  visual  mocson  waa 
half  the  magnitude  of  the  rotation  when  the  subjeot  waa  oscillated,  The  two  motions  had 
o.iinilar#  though  not  identical#  spectra  with  all  energy  beJuw  1.5 

Using  rsndoidly  pojjitioned  black  docs  on  tho  interior  of  a  white  aphere#  Yang  and  Pisi 
(1991)  inveotLgated  the  severity  of  motion  sicknoafl  in  seated  riubjoota  arising  with  rc».U# 
pitch  and  yaw  rotation  of  the  nphere  at  7,5  rpm.  The  strength  of  the  illusory  sonsation 
of  turning  (cirouiar  vection)  was  strongest  with  yaw  rotation  of  thb  sphere  and  weaRrsi. 
With  pitoh  rotation  of  the  sphere,  However#  in  the  abeence  of  head  movements,  symptoms  of 
motion  sickness  were  atrongesv.  with  pitch  rotation  and  Jttant.  with  yuw  rotation,  The 
findings  are  explained  in  terms  of  otolithic  signala  reducing  vection  for  rotation  about 
hotiaontal  axes#  at  the  expense  of  introduolng  'confllot'  betwoen  visual  and  vestibular 
information.  Pitch  head  motions  ere  aaeumed  to.be  worse  than  roil  liead  motions  because 
pitch  head  motions  are  more  frequent  and  so  more  cluNeiy  assuolated  with  otolithic 
stimulation  “  consequently  pitch  rotation  of  the  aphore  produced  the  atrongecL  contlict, 

10.3  Other  motioni 

Prom  studies  involving  tho  swinging  of  caLa  und  the  rotation  of  monkeyn,  Ihuinton  yf 
aJ  (19B4)  concluded  that  tlieae  animala  could  bo  made  nick  )jy  visual  stlniulntion  a.lone  anti 
Dial  animals  moat  auocoptible  to  optokineilc  utimuLatloii  tend  lo  bo  thown  moot,  .'luncept  lbl,*i 
to  motion  sickness  with  bodily  movement.  Th»=*  two  optokinetic:  mol  l.otuj  ItivnlvcHi  nw.lng.lng  <\ 
box  (at  0.28  Hx)  over  stationary  cat. a  and  pldcinc)  Ht  aL  ioriary  nnultrel  monkoyn  within  a 
rotating  optokinetic  drum  (a«o  Section  10,2). 

10.4  Diatertien  or  dogradatlon  of  tho  visual  fiold 

Benfari  (1964)  obtained  aubjoctive  taports  of  motion  olcknoas  symptoms  while  Rubjectn 
viewed  four  types  of  film  projected  with  a  wide  angle  lens  within  a  105  degree  dome.  It 
was  found  that  the  combination  of  peripheral  flicker  with  a  poorJy  structured  visual  field 
gave  most  symptoms  of  motion  sickness.  The  presence  of  flicker  alone  or  a  poorly 
structured  visual  field  alone  were  not  sufficient  to  cause  slgnlricant  problems. 

Tho  waaring  of  left-right  or  up-down  roversing  spectacles  while  walking  or  making 
other  voluntary  or  involuntary  head  movements  can  Induce  aympvoma  of  motion  sicknoas  (o.q. 
Kottenhoff  and  Lindahl#  1960;  Bock  and  Oman#  1982).  t.ackner  and  Di:21o  (1991)  report  that 
suRceptibil.lty  to  sickness  produced  by  0.5  Hz  pitch  head  movements  with  visual  inve.raion 
was  less  In  a  OG  environment  (a  parabolic  flight  profile  in  an  aircraft)  than  In  a 
terrestrial  IG  environment,  Ambulation  while  wearing  left-right  reversing  goggles  has  been 
reported  as  considerably  more  nauseogenic  than  ambulation  with  up-down  reversing  goggles 
(Tajcahashl  et  si#  1991)  . 

10. 5  liaulatof  eieJinMa 

There  are  many  reports  of  motion  sickness  In  aimulators#  some  of  which  may  be 
attributed  to  distortion  or  other  deficiencies  of  the  visual  simulation.  The  presence  of 
inappropriate  lags  between  subject  responses  and  movements  of  the  visual  scene  and  the 
motion  simulator  may  also  be  responsible. 


11.  OTHKR  N0N-M3TI0N  STIMULI  CAUSIMQ  SICKNESS 
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flymptoma  Indiatlnguishable  from  aoma  motion  alckneaa  aymptoms  eon  bo  produced  by 
uarloua  non-motion  stimuli.  These  include  caloric  stimulation  of  the  outer  eari  the 
ekoesslve  consumption  of  oloohol,  the  consumption  of  heavy  water  (deuterium  oxide),  some 
physiological  conditions  and  physiological  disorders,  radiation  and  various  iiugs, 
includlncj  poisons.  Some  of  tnesa  may  also  aacentuate  susceptibility  to  motion  alclinesi. 


12.  DISCUSSION  AND  CONCLUSIONS 

Motion  aloltnoss  arises  from  a  wide  variety  of  physical  stimuli.  Experimental  rraults 
provide  a  growing  body  of  data  from  which  predictions  can  be  made.  General  thoorios  of 
motion  sickness  offer  quslltatlve  explanstions  of  why  motion  slokneso  occurs  in  each 
circumstance  but  they  do  not  allow  quantitative  predictions  of  the  physical  characteristics 
of  stimuli  required  for  sickness.  Qsnsrsl  theories  do  not  indioste  which  of  two  stimuli 
will  be  more  nsuseogenic  or_  provide  predictions  of  the  extent  of  sickness  with  sny  form  of 
motion. 

Head  motion  appears  critical  to  the  development  of  slcknesa  with  some  motions.  '  The 
failure  to  control,  or  adequately  monitor,  head  motions  in  many  experiments  limits  the 
interpret -t ion  of  aoma  results.  The  motion  Imparted  to  a  person  at  the  floor  or  seat  may 
not  bo  the  same  as  that  occurring  at  the  head.  The  tranamisslon  of  motion  through  the  body 
may  be  attenuated  or  amplified  and  there  may  be  phase  lags.  Motio.i  in  one  axis  at  t>iu  seat 
(e.g.  fore-and-aft)  may  Induce  other  exes  of  movement  at  the  head  (u.g.  pitch)  .  The 
sulajeot  may  make  voluntary  or  involuntary  movamanta  of  the  head  in  response  to  the  motions, 
with  the  extent  of  these  depending  on  the  type  of  restraint  and  the  visual  field.  The 
interaction  between  these  head  motions  and  the  imposed  motion  may  be  a  cause  of  sickness. 

dtudiea  of  the  efleotB  of  head  position  and  body  orientation  ou  uiflknoss  Induced  Dy 
the  drug  aporaorphine,  revealed  that  vomiting  was  fat  leas  w)i«n  subjects  were  supine 
(Isaacs,  1957)  ,  The  benefit  was  ehewn  to  arias  from  the  supine  posture  of  the  body  and  not 
from  the  changed  orientation  of  the  head.  While  head  movtmenta  may  be  the  cause  of 
sickness  with  some  motion  stimuli  it  does  naceaaarlly  not  follow  thht  the  often  repotted 
benefits  of  e  recumbent  pasture  in  transport  ariee  from  the  changed  orientation  of  rhe 
iiead.  These  studies  also  suggested  that  the  action  of  apomorphine  Was  additive,  or 
aynarglstio,  with  the  slcknesa  Induged  by  vertical  motion,  horleontal  motion  and  caloric 
atlmulat.lon. 

Visual  oondltlona  ate  also  oritical  to  the  iievelopmont  of  motion  sickness  in  somo 
situations.  Different  degrees  of  aioknesa  can  arise  with  eyes  rjnsed,  eyes  opon  viewing 
a  moving  environment  and  eyei!  open  viewing  the  outside  world.  When  viewing  th«  moving 
environitent  (e.g,  the  interior  of  a  moving  oabin)  the  effect  may  depend  on  the  visual 
scone,  A  task  which  requires  eye  movements  may  have  a  part.iouiarly  detrimr.ntsl  effnot  on 
subject  well-being.  The  piesantatlon  of  a  visual  scene  which  n)ovea  within  a  oabin  (as  with 
some  simulators)  may  be  expected  to  increase  or  decrease  aickneas  depending  on  t)>e  ays  and 
head  movements  that  arise  end  how  both  the  extent  and  the  phase  of  mnvomonts  of  thn 
projected  visual  scene  corraapond  with  movements  of  the  oabin  or  the  pcaltion  of  thn 
oxternal  world, 

Future  research  will  extend  tha  set  of  relev. int.  experimental  data.  This  will  allow 
Increased  understanding  of  the  effects  of  individual  physical,  physlologicaj.  and 
paycliologlcsl  variables.  It  may  then  bo  poasib'lo  to  offer  more  confldunt  predictions  of 
the  phyoloal  causes  of  racitlon  sickness  in  specific  environments. 
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REStlMEi  Su(  un  plan  puramant  mtdical,  la  mal  dei 
traniporli  ou  etndtaia  na  poH  gdntraltmant  qua  dti 
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dlmanilon  k  caita  afTactlon  ralativamtnt  Mquanta.  Da 
mtma,  la  lyndrama  da  einituia  a  una  tnnuenca  wntlbla  uir 
let  condltloni  da  luivla  an  mar, 

La  partpactiva  hlitariqua  luua  dai  racharchri  mandat  Ion 
du  damlar  eonfllt  mondial  parmol  da  mitujt  iltuar  la 
probllma.  Calit  ddmiraha  conduit  antulia  k  analytar  lat 
rolatloni  complaxat  qui  axlilunt  antra  let  clndloiai  at  It 
parforminea  ptychomottlea  daa  opdratturt. 

L'ImpacI  dat  eindtoiat  tur  las  opdratloni  mllltalrat 
tdrlannat  eomportc  dat  aipscti  clttilqutt,  ralativcment 
blen  dtudldt  tur  la  plan  dplddmiologlqua,  Let  probldmtt 
Hit  I  la  formation  Inltlalt  at  I  I'antrilnamtnt  dat  plloiat 
conttltuant  toujouii  un  point  Important.  Da  mima,  lat 
cladtotat  peuvtnt  dvantuaUtmant  contrlbuar  It  iceroltra  la 
vuindrabllltd  da  mlta  I  terra  dut  combattanti  udrnportdt. 
On  ralKa  par  ilUaurit  dat  atpacti  nouvaaus,  rdtulitnt  dr 
I'tvolutlon  tachnologlqua  dot  tlronafi  at  dot  lyittmai. 
AIntI,  I'Introductlon  dat  tytldmaj  d'atde  I  la  vitlon  nocturne 
at  du  tulvl  da  terrain  aulomatlqua  tmina  dat  condltloni  da 
vol  propicM  au  ddvaloppamant  dat  dndtoiai, 

La  rctentlwomant  du  mal  da  I'aipaca  tut  lat  opdratlont 
tpttltlai  na  la  putt  pu  du  tout  da  la  mtma  ft(on  talon  qua 
lent  liontldirdt  dat  tdjoun  courtt  (navetta)  ou  longs 
(Italian  ipatlala  habitable).  Las  rtiullili  de  rexploltutlon 
du  dyuime  di  Trtniport  Spatial  (STS)  caniiliuaiu  la 
nialileura  source  da  donndci  tur  ce  lujcl. 

Enfln,  let  conidquancai  phyilologiquet  at  piychologiquai 
du  i^droma  da  dntioia,  lallai  qu'iggravutlon  da  la 
ddihydrnlailon,  apaihia,  wnt  lot  prlnclpaut  faclaurt  4 
prendre  an  compta  pour  la  luivla  an  mar. 

1.  INTHODUenON 

Lat  eonttquancat  opdrallonnallai  dat  eintloiat  ont  dti 
partlcuUdramant  dtudldat  dani  la  communauld  milltalra  au 
court  du  Mcond  eonfllt  mondial  at  dam  lat  anntai  qul  ont 
tulvl.  Pour  comprandre  cat  Iniirtt,  on  paut  dtar  un  axtralt 
du  rapport  da  la  premlSra  rdunlon  du  lout-comltd  US  tur 
let  dnitotat,  d'aprSt  Raaion  (22): 


'  The  tettimony  of  rapraiomatlvai  of  the  Ground 
Forcai,  the  Army  Air  Forcat,  and  tha  Navy  and 
reporti  from  England  and  Canada  luggaitad  that 
the  Inddance  of  loaiicknaii  In  amphlbloui  training 
and  combat  oparatloni  had  bean  high,  raiulting  at 
time  In  larloui  loiiai  of  affldaneyt  that  alrilcknaH 
had  become  a  problem  of  tome  magnitude  In  tha 
lalactlon,  training  and  proper  elimination  of  sir 
force  pcrtonnal  particularly  navigatori,  bombarditrt 
and  gunnori;  and  that  oparatloni  then  antldpatad, 
In  which  vary  large  numbart  of  troopi  would  be 
carried  by  ilr  and  by  imall  surface  craft,  might  be 
attended  by  a  tarlout  degrea  of  Incapadtatlon  from 
motion  ildtnait'  Bard,  19dS. 

Cad  itmolgna  blen  dat  prtoccupatloni  qul  pouvaltnt 
titlitar  k  cilia  dpoquoi  La  quoitlon  qua  I'on  peui 
Idglilmamant  ta  poiar  aiti  "qu’en  aibll  maintenant?".  La 
but  etiantlil  da  ca  document  lara  done  da  tanter  da  faira  la 
point  tur  let  upacti  actueli  de  la  ilgnlficatlon 
opdralionnalla  dot  dnitotat. 

II  faut  blen  la  randra  compta  qua,  dam  la  via  eourama, 
I'appahtlon  du  ayndroma  da  dniloto  ett  cortai  diplaiunta, 
mall  qua  ton  ralanliuamant  tur  la  conception  dat  muyent 
da  traniport  at  liur  mite  an  oauvro  dameura  giniralemant 
max  llmlii.  On  peui,  par  axampla,  la  demandor  quel  sera 
I’impact  dat  dnitotat  tur  la  didtlon  dat  paitagari  Ua 
choliir  la  bateau,  I'avlon  ou  la  tunnel  tout  la  muncha  pour 
le  rendra  au  Royiuma  Uni,  malt  11  eit  probable  qua  cctle 
quaitlon  dameure  du  lacond  ordra  par  rapport  tux 
coniidiratloni  larlfalroi.  On  peut  igalement  voir  cortalni 
conitrudeuri  automobllct  I'lnterroger,  Ion  do  la 
concapllon  dei  vihlculei,  tur  let  Interactioni  vliuo- 
veitibulairaa,  toutefoli,  cetta  dimarcha  dameura 
habituellement  raloilvomcnt  ponctuelln.  II  etl  pouiant  blen 
connu  qua  le  "mal  de  voltura"  contlltua  un  fliau  pout  let 
ptranli  da  Jaunai  anfanti  malt  qui ,  giniralafflanl  at  fort 
haurauiamant,  affacta  plutfil  la  moyanna  horalra  dat 
diplacamanti  qua  laur  licurlti. 

En  fall,  cat  qualquaa  riflaxlom  anodlnai,  aatodiai  aux 
coniidiratloni  hliiorlquei,  ont  pour  but  da  toullgntr  qua  la 
problkma  da  In  ilgnlflettlon  opiritlennalla  contlltua  un 
molaur  mtrlmament  pulitant  pour  toutM  let  itudaa 
mantai  dam  la  domtlna  dat  dnitotat.  L"lmpact  tur 
rafflcadti  dat  opirataurt  at  la  licurlli  dat  opiratlom,  done 
la  coit  humuln  at  matirlal,  conititua  una  di  fondamantala 
da  la  progreiilon  dat  conmlitancai  giniralai  dam  ca 
domilna  (comma  dam  baaueoup  d'autrai  d'lUlaunll), 
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Ainii,  iJiint  let  inniM  60  t  70  li  penpediva  dei  vola 
ipatliiw  at  del  probMmaa  d'oHantatlon  ipatitia  pouvani  an 
d6couler  a  aani  aucun  douta  largemant  contribui  k  I'ataor 
important  dot  ktudei  da  phyaiologie  voatibulalra,  an 
partlculiar  aiw  Etata-Unli. 

Commit  la  nota  Benion  (1),  la  parta  da  bian-ktra  rkiultant 
du  mal  dea  traniporti,  rntma  modirka,  peut  cnnultuai  una 
aourca  Pa  probikmaa  pour  un  pUoia  doni  la  ticha  ait  par 
avanca  romplaxa,  11  faut  capandant  raconnaltra  qua  cetta 
parta  d'afncaollk  ait  louvent  Mrkmant  dlfTIcila  k  quantlflar, 
aurtout  chaa  dai  pllotaa  antrainki,  habituellament  pau 
portka  lur  rintrnipaction.  Da  plui,  lea  ralitloni  antra  la 
parformanoa,  pilae  au  aani  gknkral  du  tarma,  at  lai 
dnktoaaa  na  rkpondant  pu  k  dai  Iota  ilmplai  at  lont 
connuaa  pour  ktra  bidltadionnallaa. 

Aprki  avoir  brikvamant  kvoquk  I'hlitorlqua  du  probikma,  II 
conviant  done  d'anvliagar  laa  Intaraatloni  qui  axiitant  antra 
cinktoaa  at  parformanca  alln  da  poiar  laa  baiaa  d'una 
rknaalon  lur  la  lignlllcatlon  opkrationnalla  actualla  du 
ayndroma. 

2.  PEMPECTtVB  HirrOMQUI 

Comma  la  loullgna  Raaion  (22),  avac  qualquai  anacdotaa 
dapuli  CIcaron  Juaqu'k  T.B.  Lawtance,  lea  ctnktoiaa  ont  da 
longua  data  prkoeeupk  la  communautk  mlUtilra.  Caa 
prkoeeupationa  ont  trki  cartiinamant  culmink  au  couri  du 
aacond  eondlt  mondial,  avae  la  nkcaultk  da  traniportar  da 
trki  largaa  eontlnganti  da  troupaa,  appalka  k  ktra 
rapidamant  angagka  dani  daa  opkratloni  da  granda 
envargura,  Ca  aouel,  blan  tradult  par  la  dtaiion  da  Bard 
prkiantka  plui  haut,  coneamalt  aiaaniiallamanl 
I'anlratnament  akronautiqua,  laa  opkratloni  marltimai  at  lo 
iraniport  da  troupaa.  Laa  travaux  alTectuki  trka  lit  dani  la 
eouri  du  aacond  conlUt  mondial  ont  aurtout  donnk  Uau  k 
una  animation  da  I'incldonca  dea  dnktoaaa  aani  toujouri 
rkpondra  diractamant  au  probikma  da  la  ligniricailon  pour 
laa  opkratloni.  La  ravua  do  cotta  quaition  figurant  dani 
I'ouvraga  da  Raaaon  (22)  ennititua  una  baia  da  donnkea 
partlcullkramant  Intkraaianta  k  cat  kgard. 

Clloni  pour  mkmoire  dai  chiffrai  concornani  laa  opkratloni 
amphibiei,  qui  vont  da  11%  par  petit  lompa  Juaqu'k  kO  k 
70%  par  groi  tempi.  Pour  co  qui  concarna  lea  opkratloni 
akriannei,  troll  ihktnoa  aiwntleli  lonl  diitinguka, 
rantralnamant  au  pilotage,  laa  opkrationa  do  combat  akrian 
at  lea  opkratloni  akroportkea. 

L'lnddonca  pendant  rantralnamant,  rapportka  dani  lea 
ktudaa  du  tempi  da  guerre,  aat  ralaiKamant  modaata  pour 
laa  pllotea  (10  k  13%  lalon  Hemingway),  mala  baaueoup 
plua  Importanta  pour  laa  navigatouri  (juaqu'k  65%  aelon 
una  ktuda  d*  McDonough  publlka  an  1913).  La 
retaniliiamant  opkrationnal  la  plua  kvidont  daa  dnktoaaa 
lore  da  I'antralnamant  an  keola  da  pilotage  eat  la  taux  da 
dlwiuallflcalton  qui  paut  lour  ktra  attribuk.  Salon  Birran 
(1949),  ea  taux  varla  an  fonctlon  daa  lourcai  d'lnformitlan 
antra  0,13  at  6,5  %.  D'una  manlkra  plua  qualltailva,  daa 
lourcaa  allikai  divinaa  (AMqua  du  Sud,  Blaia-Unli, 


Auatralla,...)  font  kiat  du  probikma  qui  lembla 
particullkramant  algO  pour  laa  navlgataura. 

Baaueoup  molna  da  donnkai  lont  dliponiblaa  pour  lea 
opkrailona  da  combat  akrian.  Laa  eatimatloni  variant  antra 
S  at  19  %  lalon  laa  lourcea,  mala  I'intorfkrenea  daa  dnktoaaa 
avac  I'Mkcution  dea  tkchaa  opkrttionnallaa  eat 
habltuaUamant  ralatka  comma  trka  baaaa,  puiiqua  na 
dkpaiwnt  pia  04  pour  1000  homma/miaaion.  11  axlata  pat 
aillauri  daa  Intaractloni  raconnuai  antra  laa  condltioni  du 
combat  at  la  performance  pouvant  partldper  k  caa  taurt 
ralativemini  baa  par  rapport  k  I'Inddenca  globala  du 
ayndroma. 

Laa  ktudaa  du  tempi  da  guarra  font  una  place  Importanta 
au  probikma  du  tranaport  da  troupaa  par  volo  akrlanna. 
(Tytar  at  Bard,  19491  Birran,  1949;  Hemingway,  1945; 
Chinn  at  Smith,  1951).  Toui  a'accordant  pour  conatatar  qua 
I'inddanca  daa  dnktoaaa  dana  laa  troupaa  akroponkea  act 
particullkramnnt  klavka  lori  daa  phana  da  tranaport 
tactlqua.  On  ralkve  alnil  dea  Inddancei  da  I'ordra  da  25  k 
80  %  aalon  la  typo  da  vol.  Bn  revanche,  II  na  aambla  pu 
eaiitar  da  manilon  particullkra  pour  I'lnterfkranea  avac  lu 
opkrationa  da  combat  Immkdlatamant  aprka  I'akroportaga. 

Bn  fWt,  dana  I'anaambla  da  cu  ktudu  da  terrain  an  tempi 
da  guarra,  I'lnfluanca  dai  dnktoan  lur  la  performanM  du 
combattanti,  an  dahora  du  phaau  algUu  du  ayndroma, 
umbla  antrkmamant  diffldla  k  quantifier,  ea  qui  eat  uaac 
faeilamant  eomprkhanalbla.  Catia  conitatatlon  amkna  done 
k  conaidkrar  lei  ktudu  da  tartain  ou  da  laboratoira  qui  ont 
ktk  apkdflquamant  eonuerku  lux  Intaractloni  antra  laa 
dnktoMi  at  la  parformanca  da  I’opkrataur. 

5.  CINBTOkBErreRPORMANCK 

Plualauri  ravuai  da  la  littkratura  abordant  In  rclationi 
axiitant  antra  cinktoui  at  parformanca  (11, 20, 22).  Comma 
Raaaon  (22).  on  paut  kgalemont  kvoquar  I'upact 
bldiractlonnal  du  Intaractloni  antra  clnktoHi  at 
performance,  k  uvoir  laa  effata  du  elnktoni  lur  la 
parformanca  at  laa  effeti  da  la  porformunu  aur  la  ayndroma 
da  cinktou. 

Pour  ca  qui  concarno  loi  ktudu  da  torrain,  la  plupart  le 
iont  inikraiikai  aux  dnktoiei  provoqukei  par  la  navigation 
maiitlma,  mala  qualquai  rkiuliati  wnt  dliponiblaa  pour  du 
aituatlona  akronautiquoi.  II  axlata  par  allleuri  da 
nombrcuiu  ktudu  da  laboratoira  conuerkai  k  I'affat  da 
dlvariu  itlmulatloni  provouiricu  aur  la  performance 
piydiomotrlu  at  Intallactualla.  Comma  la  loulIgna  Money 
(20),  lea  ktudu  da  laboratoira  Intrcdulunt  un  biali 
Inkvliabla  dana  I'kvaluaiion  da  la  parformanu,  ur  la  lujat 
eat  conicieni  d'ktra  obicivk  at  connalt  gknkralament  la 
durka  da  I'kprouva.  Cad  ail  done  fortamant  auiceptibla  da 
modifiar  ion  coraportamant  at  u  motivation  par  rapport  k 
una  lituation  opkrationnalla  prolongka.  Cu  daux  upacta  da 
I’kvaluatlon  da  la  performance  uront  auccaaalvamant 
abordka. 
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3.1,  Eludn  ciirfriiiMBtilu  4*  ttmla 

Bian  qu’obianuti  ivac  dai  ttlmulailoni  at  un 
air/lroMamant  ralativatnam  llolinl  da  oa  qui  aK  rancontrt 
an  adroniullqua,  lai  donntoi  provanint  daa  dtudaa  k  la  mat 
iont  Imfraaiantaa  k  ooniiiMrar.  Daa  rkiuliiu  aflciani 
avalant  dkjk  KiuUfnt  la  dUTtranea  antra  la  parfuimanea  da 
routina  at  la  performanw  da  polnta.  Caai  il|nlfla  qua, 
mima  dtant  an  prola  au  qmdroma,  un  IndMdu  qui  trouva 
una  moiivatton  wffliama  dani  raacompliiaamani  da  m 
tlcha  ait  eapabla  da  I'affattuar  ptaiiquamant  una 
ddgradatlon.  Lm  digradatloni  oburvlaa  lur  dlfTkranti  tatti 
da  parfbrmanca  aont  aiuntlallamant  prduntu  dsna  Im 
piamiktM  hautai  d'aiqMiitton  k  I'anvtrannamant,  On  a  alnii 
pu  obHivar  una  diminution  du  parformancM  wr  du 
tlohaa  d'axtraction  da  donnkai,  da  talionnamant 
(tammatleal  at  da  tracking  at,  d'una  manikia  plua 
prolongda,  una  dlgradation  da  eapadtdi  da  track  da  la 
routa  (ticha  da  navigation).  Ca  typa  da  rkiuliati  an 
ratrouvd  dani  pluilaun  ktudai  (11),  an  condition  rkalla  ou 
an  ilmulitlon, 

Parml  lac  rarai  dtudai  rkaliidei  on  anvlronnamant 
akronautiqua,  II  faut  citar  la  travail  da  Kannady  at  coll,  dani 
dai  voli  da  pknktratlon  da  cyelona  (14).  Oai  dkgridatloni 
ilgnillcativai  da  la  parformanea  ont  alnil  ktk  obuivkai  lur 
una  ticha  da  vigilanca  auditlva. 

Cartainci  ktudai  ont  kgalamant  ktk  mankai  on  miUau 
■patlal,  mail  raramant  avac  dai  donnkai  quaniltatlvamant 
dtabUei.  Alnil,  Raiion  (22)  rapporta  cartalni  klkmanti 
d’analyu  lubjactlva  wr  la  parformanea  da  coimonautai 
loviktlquu  fflontrant  una  rkductlon  da  la  parformanea  an 
vol  at  un  acerolwamani  da  la  difflcultk  I  affactuar  loi  ticitai 
damandkai.  Hattlngar  (11)  mantionna  dai  rkwltali 
oxpkrimantaux  rkcanti  rkvklant  una  allkratlon  du  tampi  da 
rkactlon  at  da  la  eapadtk  d'aillmatlon  du  tempi,  umblant 
llki  I  I'aitlitonca  d'kpliodai  da  mal  da  I'upaea  (21). 

3J,  Ktudai  an  laboralolra 

Lai  ktudai  lur  la  dkgradatlon  da  la  parformanea  rkallikei 
dam  da  wondltloni  da  laboritoira  unt  eatrkmamant 
nombrouHi.  Au  ragard  dai  diffkrcnii  anvironnamanti 
uillliki,  loi  ktudai  claulquai  da  Wendt  lur  I'offci  dot 
accklkratloni  vertlcalci,  alnil  quo  ccllci  quI  ont  tulvi  wr  ca 
typa  da  itlmulatlon,  ont  largamcnt  uontribuk  k  augmantar 
loi  connaliwncai  dam  la  domalna  do  la  parformanea.  La 
chambra  do  rotation  lento  da  Paniacola  tiant  kgalomcnt  una 
place  particulikra  quant  k  la  qualltk  at  k  I'klendua  dai 
cxpkrtmaniailoni  qui  y  ont  ktk  monkei.  Enfln,  d'autrai 
anvironnamanti  rotatlfi  (orlantki  wr  lai  ktudai  an  mlliau 
ipatlal)  ont  ktk  utiUidi  (11).  II  faut  auul  altar  d'auaa 
itombrauiM  ktudai  an  aimulitaur,.doni  cartainei  llkai  k  la 
ilmulatlon  da  combat  akrian  ( 15). 

Effactuki  k  I’luue  d'kprauvai  provoeatricai,  diffkranti  taita 
phyiiquai  at  da  coonUnatlon  motrlca,  comma  la  eourw,  la 
lancer  da  flkchattaa,  la  tlr  k  la  carabine,  m  unt  rkvklki  non 
ilgnlflcatlvamant  affaetka  par  la  ayndroma  da  dnktoH,  En 
ravuncha,  wftout  dam  la  phaw  algUa  da  raxpoaltion  aua 
itlitiulatlona  nauikogknlquai,  dlffkranu  taati  da 


parformanea  Intallactualla  ou  piychomoirlaa  w  wm  rkvkika 
altkrki.  C'aat  la  eaa  pour  du  tkchw  da  ealcul  mathkmaliqua 
(blen  qua  cac  ult  controvarik),  d’aitimation  du  tempi  at 
pour  dlffkrantu  llchw  da  pourwlta  ou  da  iracking.  On 
note  auial  I'wlatance  da  dkgradatlona  lora  d’kprauvaa 
mattant  an  Jau  la  vigilanca  auditlva. 

3  J,  MM  da  la  paiftimanaa  aur  lai  cinktoaaa 

tl  axlita  un  cartaln  nombra  da  donnkaa,  la  plupart 
anaedotlquii,  qui  ktibliiiant  un  Uan  antra  la  nkcaiallk  vltala 
d'accomplir  una  tkcha  at  la  akvkrltk  du  lyndronM  provoquk 
par  dai  itimulatloni  nauMogknlquat.  II  ait  habituallamint 
obwrvk  una  fona  diminution,  volra  una  dlapiriilon 
complkta  dai  lyinptkmai,  lonqua  la  w|at  irouva 
bruiquamant  dina  una  iltuitlon  critique  ou  axarqant  una 
fona  daminda  wr  la  plan  pqtchomoiaur.  Pluilaura  ktudai 
mpkrimentalai  affietukai  wr  ca  wjat  (22),  landant  k 
montrar  qua  lai  tlchaa  dlrlgaant  I'attantlon  van  la  monda 
mtkriaur  dimlnuant  la  clnktou,  alon  qua  la  concentration 
wr  lai  lymptkmai  a  plutkt  tandinca  k  lai  acarotira.  La 
quaitlon  eit  capandant  loin  d'ktra  totalament  tranchka, 
puliqua  Lenta  (19)  obwiva  un  accrolliamant  da  la  ikvkritk 
du  i^drome  provoquk  par  un  teat  d’lmaractlon  vlauo- 
vaatlbulalra  an  fonctlon  da  la  eomplaaltk  da  la  tkcha 
vliualla. 

4.  AsrtcnAcnjBu 

L’enumble  dei  donnkai  liiuei  daa  ubiarvailoni  affaetukai 
an  iltuatlon  do  guerra  at  lei  dlvanaa  ktudai  wr  I'affai  daa 
olnktoMi  lur  la  parformanea  parmattani  d’ktabllr  qu’ll 
ealita  un  rliqua  potential,  tant  an  nlvaau  daa  opkratlona 
mllltalrai  qua  dam  la  domalna  ipatlal. 

Dam  la  promlar  cai,  c’aii  vkrltiblemant  la  probikma  da 
I’alTIcaclik,  an  larma  da  rkuialia  el  da  akcurltk  daa 
opkratlom,  qui  eat  en  jau  dana  daa  illuailoni  oCt  la  wivla  du 
combattant  va  dkpandra  da  w  capaeltk  k  maltra  an  oauvra 
dai  armamami  do  plui  an  plui  complaxaa  at  coOlaux.  Dam 
la  Mcond,  la  probikma  n'ait  habltuallemant  plui  auul  vital, 
mall,  compta  tanu  du  eoOt  aatrkmamant  klavk  du 
opkratlom  ipatlalai,  II  I’agit  plui  d’un  aapact  da  rantabllltk 
quo  do  ikcurltk.  11  faut  capandant  notar  qua,  dam  lea  deux 
eaa,  on  ic  trouva  blon  confronik  avac  un  probikma  qui,  wr 
la  plan  da  la  ilgnlficatlon  opkratlonnalla,  Impllqua  la  notion 
du  codt  hiimaln  at  matkriel  daa  dnktowi. 

En  gardant  an  mkmoira  lei  donnkaa  lalaiantaa,  II  convient 
maintanint  d'affactuar  una  anatyw  du  probikma  da  la 
ilgnlflcatlon  opkratlonnalla  daa  dnktoiaa  dam  la  oontama 
akronautlqua  at  ipatlal  actual.  Lu  caractkrlitlquu  propru 
aux  opkratlom  akriannaa,  au  vol  ipatlal  at  aux  problkmu 
wulovka  par  la  wrvia  an  mar  aaront  wccaulvamanl 
abotdkui. 

4,L  OpkralloBa  akriannaa 

Dam  la  cadra  gknkral  daa  opkratlom  akriannaa,  11  eonvlant 
da  dlitlnguai  du  aipacta  claaalquaa,  comma  I'antratnamant 
at  la  tranqwrt  akrian  tactlqua,  mala  auul  daa  klkmanta 
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nouvMux  llii  lu  conlnte  de  I'ivoluiton  del  irtnemonti  ei 
dM  tiehntquH  d«  Gombii  et  d’lntratiMiiwnt. 

Lm  deux  premibrei  quwtloni  peuvint  lire  eborddM 
cofflpintIvmMni  k  du  iiiuiilont  eonnuM  tnUrleurtment. 
En  rivanehi,  let  dUintnM  nouvuux,  oomme  It  wM  di 
terrain  automttiqui  ou  lu  probitmu  Ii4«  it  la  vliloniqua  da 
caaqua,  doivtnt  Itra  Ivoquda  an  tarma  de  penpectlvM  et  de 
potenllalltl,  pulaque,  en  fait,  U  aalMe  tr6a  peu  de  donndu 
diipontblu  aur  oa  aujat. 

4.1.1,  Appreatlaaage  el  aatNlneiaanl 

Treditlonnelleffleni,  t'deole  de  pilotage  a  toq|ouri  pr4uni4 
un  conteate  privUdgId  pout  la  ddvalippemant  daa  dndtoau. 
A  quelquu  dlfldraneu  prda,  Udu  I  I'dvolutlon  du  maidrlela 
et  du  leohnlquu  d'aniratnameni,  cad  raate  ralativemant 
exact.  Bn  fait,  d  I'haura  actualle,  la  algnlfluilon 
opdratlonncUe  du  dndtoau  en  dcole  eat  aani  doute  d 
conatddrar  en  tarmu  da  coOt  direct  et  Indlrecta,  mala  auul 
ralativament  d  la  altuailon  via  d  via  du  rocruiemant  du 
dldvea-pllotu. 

Parmi  lu  dtudu  modcmu  eoneernant  I'Inddence  du 
dndtoau  lore  de  I'entratnemeni  eu  pilotage,  lu  rdauliaia 
rappoftda  par  Raaaon  en  1968  (12)  donnent  una  catlmatlon 
irU  dlevdc,  pulaque,  ulon  eel  auteur,  76  %  d'un  dchantillon 
d'dldvaa>plloiu  da  Cranwell  a  aouffoii  du  mal  de  fair 
pendant  fentratnentent  au  vol.  Dana  ce  groupe,  IB  %  ont 
did  attelnta  au  point  d’Intarrompra  prdmaiurdment  un  vol. 

Bn  1972,  Laguay  at  Coll,  rappoiteni,  d'aprda  une  anqudta 
effectuda  dana  una  dcole  de  I'Armde  de  f  Air  Ft antalae,  une 
Inddanca  globale  de  30  %,  uulament  S  %  dca  didvu  ayant 
conaultd  la  mddadn  du  Faraonnal  Navigant  (18).  .A  la  nidme 
dpoquc,  Dowd  (S)  dmet  le  Jugement  qua  In  dndtoau 
dameurani  encore  un  probldmo  irda  Important  dana  I'US 
Air  Porea,  partlcuUdramant  dana  In  manoauvru  d'avlona  d 
haute  parformanca.  II  dta  lu  rdaultata  da  Tucker  (1963), 
rapponant  qua  10  dl7  %  dot  dlbva».pUolH  ont  dtd  atlelnla 
au  fflolna  une  foil  durant  laur  entratnemant,  S  %  d'une 
manldre  rdpdtllKe,  avec  un  laux  d'dUmlnation  dO  eux 
cindtowa  de  0,7  %. 

Dobic  (4),  an  le  fondant  aur  lu  commenialiu  du  piloiu 
Iniiruileuri  portani  aur  une  population  de  377  didvu, 
ildterminc  une  ineldanu  do  24,1  %  de  mal  de  fair  moddid 
et  de  14,6  %  dc  mal  dc  fair  advdre.  II  ul  Intdrcaunt  do 
cunaiddrer  qua,  dana  caile  dtude,  la  Jugement  da  advdritd  du 
ayndiome  dtalt  dtabU  an  tenant  compte  de  la  degradation 
du  jMrformaneu  obaarvda  durant  le  vol.  L'autaur  aouligne 
que  cciie  utlmailon  cat  aana  doute  eaaw  prudentc,  pulaque 
I'Inddence  du  matalaM  Idgera  ou  mdma  moddrda  a  pu  dtre 
aoua-aatlmda  du  fait  da  la  mdihode  d'dvaluailon  employdo, 
D'un  aiitrr  <?9t(,  les  chlfltci  t^ltultanl  dc  celte  dtude  ont  una 
valour  Importante  aur  le  plan  de  la  algnlllutlon 
opdrallonnelle  du  dndtoaea,  pulaque  dveluani  dlrectemeni 
I'effat  aur  la  porformanu.  En  1977,  avec  une  mdthodologic 
retativameni  idontlqua,  Oalla-TeyaaonMu  (8)  eatlme  qua  30 
d  30  9d  du  dlbvea>pltoiu  aoufftant  du  mal  du  iranaporia  k 
du  degrda  divan  durant  leur  entralnamcnt  an  dcole. 
Cependant  aaulement  S  dldvua  aur  492  ont  did  dllminda  pour 


mal  de  fair,  loit  1  %,  alon  quo  le  laux  d'echec  (pobal  du 
couta  eat  da  33  %,  L’autaur  note  toutefola  qua  paiml  lu  40 
dlktu  qul  ont  conaultd  pour  mal  de  fair,  la  taux 
d'dllmination  (toutu  uuau  confonduu)  attaint  70  9d.  La 
ehiffta  da  1  %  rajotnt  dgalemant  la  taux  d’attrltlim  evened 
par  IMbel  an  1972,  aur  la  baaa  da  400  dldvampitolu  de  le 
Fom  Adrienne  Beige  (231), 

Bnfin,  pour  terminer  ratta  revue  dea  donndu  rioantu  aur 
I’Inddence  du  dndtoau  Ion  da  fcntralnemant,  itotona  qua 
HIxaon  et  coll,  (12)  ont  tapportd  lu  rdaultata  d'uita  enqudtn 
longitudlnala  portent  aur  une  population  da  796  didvea,  k 
panir  du  donndM  coUactdu  Ion  da  28.'I83  tottlu 
effectudu  aur  dlffdranta  typu  d'adronefl  pandnni  le  eoun 
d'Ofndar  da  I'Adronautlque  Navala  (peraonnal  navigant 
non-pUota).  Salon  la  type  d'apparell  at  d’aaantice, 
ftnddencu  du  dndioau  va  da  9  8  23  %,  Lu  vomltHmanta 
aurvlannent  dana  4  k  11  %  du  ua  et  la  parformanM  eat 
conatddrda  comma  algnlflutlvement  ddgradda  dana  3  k 
IS  %  du  caa, 

L'Mamen  de  cu  chiffru  montre  binn  que  le  piobikma  poad, 
en  tampa  de  paix,  par  lu  dndtoaea  dana  lu  dcolu  da 
pUotaga  eat  loin,  dana  I  abaolu,  d'dtro  cataaitophique,  du 
molaa  pour  ca  qul  conurna  la  taua  d'attritton  qul  pout  laur 
ktra  directament  lid,  Le  co&t  direct,  aur  la  bnu  du  dcheu 
u  du  ddlela  dana  la  progreulon,  damcuia  tana  doute 
dgatumem  ralativemant  moddrd,  blon  qua,  giindnlemant,  II 
na  aoit  pu  clairament  Indtqud.  On  paut  dvo<|uer  eapandant 
lo  coOt  Indirect  du  ctndioau  en  dcole  qul  conalate  en 
fdliminatlon  d'lndlvldua  qul,  a’tla  avalant  aurmonid  laur 
handicap,  auralent  aana  doute  pu  dtre  d'eaeallanta  pilotu, 
comme  en  idmoignant  lu  rdaultata  obier.ja  par  Stott  at 
Bagahaw  (23).  On  paut  alnal  conaiddrcr  qu’k  tarma  caa 
dllminationa,  mdm<  pau  numbrauaea,  pounatant  conduire  k 
un  ralatlf  appauvriaiament  de  li  qualltd  dei  pilotu  qul,  par 
allleura,  doivcnt  dgalemant  rdpondra  k  bnaucoup  d'autru 
critkru  phyalquH  at  inlellectuela. 

Ced  amdne  k  conaiddrcr  le  problkme  dt.na  la  paripective 
dc  poaalbllitda  de  reoruiement.  Dana  un  paya  comme  la 
France,  le  prutlge  ettechd  k  la  urrikre  .le  plloia  militaira, 
on  partIcuUer  caile  de  piloie  dc  chaua,  eat  encora  trka 
grand.  En  conadquenu  la  nombre  de  ciindldati  aouhaltant 
accdder  k  cciie  carrikrc  eat  trka  dicvli  et  tend  mdme  k 
a'accrotlre  aaier.  rdgulikroment.  Tant  quit  celte  altuatlon 
durera,  le  problkme  du  dndtoau  yeut  dtre  conalddrd 
comma  ralativement  mlneur.  Bn  revanche  loraqu'una 
pdnurie  da  pilotu  eel  rancontrde,  rdauliani,  par  uemple, 
d'une  attrition  dlavda  dc  pilotu  qualinda  fda  au  dUTdrenticl 
da  rdmundratlon  avec  lu  cartlkru  cMlei,  alora  11  deviant 
una  doute  plua  intdrcaaant  de  lentu  da  rddulra  In 
dtimlnetiona  an  dcole  de  pilotage. 

Pour  dtre  complci,  II  faut  par  allleura  envlaager  la  conteate 
particulier  du  tempt  de  guerre.  Dana  un  confUt  mq|eur  on 
paut  tuppour  la  turvenua  de  pertu  dlavdaa, 
vralaembiablamant  dlffleilu  k  eomblar  repidemenl.  Bn 
effet,  la  complaxitd  du  aviona  da  combat  modamu 
Impiique  un  entralnamant  ralativemani  long  at,  k  tuppotar 
qua  la  matdrial  pultu  dtre  remplaod  rapldamanti  on  paut 
douter  que  le  mdcenltme  da  la  (btnriation  an  dcole  pultu 
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jnuer  erficacemcnl  el  que  Ic  mal  do  I’eir  y  ill  un  rAlo 
•Ignfleillf. 

4,1  J.  VHlnAnblllM  dt  mlit  k  l*m 

U  miM  k  tim  d«  iroupM  ilioporttw  eoiuiltu*  4g(l«m«nt 
un  eoniMt  fnvonbli  tu  dMmehemmt  du  dnltoiu.  Lit 
eondiUoni  du  tru^wrt  prdeddint  li  tir|igi  iom  blin  idr  li 
•ouroi  Miinliilli  di  problbmit  rineonudt.  Pour  dchippir 
b  li  ddiMlon  dit  ndin  «  bdntfleiir  d«  I'lfMi  di  lurpriti 
nloMuin  I  It  rduuili  di  ropdtitlon,  lit  uppinllt  di 
ttinvoftt  tuilquit  tent  uiinli  k  dvoluif  t  trta  bitti 
tltltudi,  pindint  dit  duidii  rilitlvimint  longuit  (I  ki 
heum).  Dint  cit  conditiont  li  tiux  di  lujiii  touffrini  di 
dndtoM  piui  itiiindri  804b,  eommi  in  ibmolgnini  in 
rbiulliti  mpdilfflintiux  obtinui  ptr  Oilbin  it  ooU  (7). 

II  Nl,  in  idndril,  rilitlvifflint  dimdli  di  ihifTrir  I'impict 
Miet  du  mil  di  I'ltr  tubl  durint  Ii  vol  lur  I'lfflsidid  dn 
eombutintt  lu  tol.  Campti*tinu  dit  obtnviiloni  du  timpi 
di  guirri  It  dn  rltuliiu  Mpdrlmintiiui  lur  li  performinei 
It  lit  dnitoMi,  on  pourtiit  pimr  qui  rilTil  dlriet 
dimeuri  ralitKiment  moddrd.  II  eonvlint  npindint  di 
pouttir  li  rlfladon  plui  loin,  Bn  ilTii,  lit  opdriKont  di 
triniport  di  iroupii  qui  I'on  piut  iiiindri  du  contwti 
hiuiimini  inhnologlqui  du  combii  modimi  in  Buropi 
tont  nlillvimint  piu  praplcw  lux  trti  grindt  mouviminti 
M  toldint  ptr  du  Somluimenti  di  miui'  hiitorlquu. 

Bn  riuinehi  li  dlpliMmint  du  minicu  k  I'nidriiut  du 
thMtri  luropbin  pou  li  probltmi  di  rintiivintion 
ponotuiUi  lur  un  point  ihiud  di  troupu  d'diiti  imindu  k 
ingigir  li  oombit  trbi  ripidimint  iprbi  liur  mlu  k  tim. 
II  ni  I’lglt  plui  Ik  di  I’lITit  Uolk  du  mil  du  triniporti 
iprkt  un  vol  tieilqui  di  quilquu  hiuru,  milt  blin  di  eilui 
du  ttrui  eombink  (fttlgui  d'un  vol  prolongk,  puturbitlont 
drcidiinnui  chingimint  di  ellmit)  ok  lu  dnktoiu 
piuvint  contrlbuir  k  lugmintir  It  vulnkribUitk  di  mlu  k 
tim. 

4.1J.  Elkminli  nouvwai 

Ptr  ripport  lut  donntu  eliiilquu  wr  I'htoldinu  du 
olnkioHi  dint  lu  opkntloni  idrlinnu  it  liur  ilgnineitlon 
tvintuilli,  pluiliurt  klknwnti  nouvwui  i-int  k  eoniidknr. 

Bn  primiir  Uiu,  luitl  blin  lu  miehlnu  qui  lu  tyitkmu 
d'armu  it  lu  il'^hu  iccompUu  par  lu  kqutpigu  tont 
divinui  Mtrkmimoni  compluu.  O'uni  minlkti  eatoUiiri, 
uui  eompMtk  ut  iiiMiki  k  un  wOt  tikt  klivk  du 
ikionufi  di  sombit  it  di  It  formitlon  du  kquipigu.  Li 
lormitlon  d’un  ptioti  opkritlonnil  wnititui  un 
Invutiiumint  trki  Importint,  tout  eommi  I'ippirill  qu'tl 
dolt  mittti  in  oiuvri. 

Outn  ou  comldkritloni,  di  nouvillu  eondltlont  d'implol 
tont  ippmiu,  hiutimmt  niieiptlblu  di  piovoquw 
I'ippiriilon  du  qmdromi  d«  dnktow  ,  mlmi  ehu  du 
pUoiu  idiptdi  lui  kvolutlont  ikriinnu  du  ivioM  di 
eor.bit  modmiu  Ci  lont  m  pirtleuUM  lu  iffaU  du  lulvi 
di  timln  lutofflitlqui  it  lu  probikmu  Ult  k  I'utUlutlon 
du  dlipotltUt  d’lldi  k  It  vliim  noiluni.  Of,  11  ii^iuilt  qui 


dam  Ii  population  de  pllotot  de  chaiae  (16),  au  moini  25  % 

du  pllotu  normalimint  idiptu  ont  uni  luiupilblUit  U 
bui  qui  piut  lu  rondri  untlblu  k  du  oondltlou  di  vol 
Inhibituallu. 

Li  tulvi  di  timln  lutomitlqui  comporti  diux  typu  di 
Mfltetkrlitlquu  propleu  lu  dkclinohamint  du  lyndromi  di 
elnkloH,  Tout  d'lboid,  li  pUoti  n’ltt  piut  dirietimint  in 
oontrtli  du  kvolutlont  di  I'lvion  it  u  trouvi  done  dtnt 
uni  tituitlon  di  pitwgw,  d'lutri  pirt,  lu  kvolutlont  di 
I’ippiriil,  conitituku  typiquimint  di  tucuuloni 
d'lMklkrition  Qi  poiltivu  it  nkgitivu  it  di  vlrigu,  tont 
pif  lUii-mkmu  hiutimint  tuwiptlblu  tie  provoquir 
I'appirltlon  du  ijmdromi.  Cu  diux  condition!  ktuit 
rkunlu,  on  piut  done  pinur  qui  I'ippirition  Iniidiiui*  du 
mil  rii  I'lli  ehu  un  piloti  opkritlonnil,  lyint  ptr  lilliuri 
unt  tkchi  eomplMi  k  ilTietuir,  conttliui  uni  rkilli  miniu 
pour  It  quiUtk  it  li  akeurltk  di  It  mlitlon,  du  molni  Juiqu'k 
M  qu’uni  hibituitlon  k  cu  eondltlont  di  vol  ill  prli  plau, 
Bn  rilt,  in  dihort  di  rapportt  da  pllotu  lyint  iffictuk  lu 
luiit  in  vol  di  M  typa  de  lyitkmi  it  du  donnku 
tneedotiquu,  u  probikmi  ni  umbli  pu  rkillimint  avoir 
ktk  doeumentk  d’uni  mtnikre  ikrliuu. 

Bn  rivanohi,  II  exlMi  quilquu  klkmonta  oonciinint  lu 
diipoiliirk  d'lldi  k  livlalon  nociumt.  Ainit,  Comum  it  coll. 
(3)  ont  rippottk  I'ulitinci  di  probikmu  di  dnktou  dtu 
I'intritniminl  it  ruiUlattlon  opkritlonnelli  du  lyitkmu 
d’ltdi  k  It  Villon  noetumi  de  rhklleoptkri  d’ittaqui  AH-44 
"Apiehi".  Lu  mkuniimu  in  uuu  umblint  ktre 
I'Mlttanu  di  probikmu  da  parillixa,  mill  on  piut 
kgilimint  luppour  que  la  reitrlction  du  champ  di  vltlon 
intritnki  par  I'utUlutlon  du  i/atkmii  peut  kgilemint 
jeuir  un  rkle  dint  I’lppirltl'm  du  lymptOmat.  La 
iignl/lutlon  opkratlonnelle  da  eu  iroublu,  an  dihora  di 
lour  Inddinci  tur  I’lnlritnimin^  ut  moon  mil  connui. 
On  piut  npandint  auppour  qua  I’Mlitinu  du  lyndromi 
dtnt  du  eonditlou  opkrailonnellu  piut  affaetir 
ikrliuumint  auwl  blin  I'lfflueltk  qua  la  akeurltk  d’uni 
miiiibrt  d’attaqui  nocturne,  dkjk  dlflldle  in  illa>mlma. 

II  conWant  anfin  d’kvoquar  un  dimlar  point  rilativemant 
nouvHu  qui  ut  rutillution  liitmiive  du  almulitiuri  an 
partleullii  du  limulatiun  di  eembat  akriin.  De 
nombnuiu  ktudu  ont  montnl  qua  I’lnddanu  du  mil  du 
ilmulatiur  ktiit  ralativamint  klavki  (2,  10,  13,  17).  Pour 
KinnidyllS),  u  problkmi  iM  luieiptibla  d’intrataar  uni 
wrtilni  rkpugnanu  k  utUlur  u  typi  da  ilmulitiun,  11  ni 
umbla  toutafelt  pu  qua  lu  iffiti  laoondtliu  du 
ilfflulataun  de  combat  pulaunt  ktre  eirtethemint 
ImpUquka  dant  du  probikmu  d’elfleicitk  ou  de  akeurltk.  II 
i’lgll  upindant  d’un  problkmi  luffliamint  algniflutlf  lur 
li  plan  opkrttlonnil  pour  qua  It  eommandemint  I’w 
inqulkla,  tint  pour  u.  qui  eoneimi  I’aflteicllk  di 
I'lntrtlnimint  qua  ion  oigaiilHtlon. 

4J.  OpkntloM  ipuUalu 

Le  retintiiMintni  opkritlonnal  du  mil  de  I’ltpau  lur  lu 
opkntioM  ipeHelu  conitliui  un  point  d’lntkfki  Impontm, 
tint  pour  lu  ImpUeitlont  dt  ’’nnldtlUlk*,  d  I’en  put 
mpl^  u  ttffiit,  que  pour  la  akeurltk.  Cat  Intkrkt  t  ktk 
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recarnu  uuz  t6l  dam  le  diveloppeingnl  du  miuloni 
ipitlilw  hiblitoi  m  1  dinctdffluit  ou  Indirictomint  moiM 
d*  nombnuiM  dtudM. 

Lii  donntM  eonnuM  k  ce  Jour  font  lui  d'un*  Inddenco 
voUin*  d*  50%,  iuhI  bion  w  coun  dot  volt  ipMiiux 
imMcalni  quo  tovidtlquu  (21,  1).  II  aditt  du  douMi 
quint  b  li  otb^td  mpictlvo  du  oyndromu  prlunili  pu 
lu  utroniulu  imlrtooino  it  lu  eoimonoutu  uvlltlquu. 
Pour  tMt  domlin,  rontnlnomint  vuitbuluiro  intoiutf 
■uqiitl  iU  wm  Mumli  ovont  It  vol  pourrtlt  contrtbutr  I 
rlduirt  It  idvMtl  du  mtltlu  provequl  ptr  I'ldtpltllon  tux 
conditioni  dt  mlaogrtvitl,  En  ftit,  il  I’on  ptut  ivoir  unt 
uiu  bonnt  idlt  dt  I'lnddtnu  globtlt  du  mtl  dt  I'uptu 
dtni  lu  IquiptgUi  It  tdvlritl  du  vmpilmu  tndurdt  ui 
un  point  buutoup  plui  ddllut  k  Ivilutr.  Pour  lu 
opdntleni  dt  It  ntvttti  ipultlt  tnlrlttlnt,  unt  utimttlon 
oourintt  donnt  I’txiittnN  d'un  mtltlu  idvbrt  tt  prolongl 
(done  rtlttlvtmtnt  inupidttnt)  chu  un  utroniuta  tout  lu 
trouvoli, 

La  ilgniflcttlon  oplrillonntllt  du  mtl  dt  I'upict,  it  t'on 
i’an  tient  tux  Inddtntt  qui  ont  ltd  raitvti  tu  court  dt  volt 
tpttliux,  n'ut  pu  txtrlmomtnt  dvidtntt  2  ^ilutr.  Homicli 
(13)  I  rdctmmtnt  txpoti  I'ltti  dt  I'trt  txltttni  dtnt  ct 
domiina  it  lu  implluiloni  tnirttnlu  pour  It  condulM  du 
oplrttiont  dt  It  nivattt  tmdrloalna.  Piut  qu'unt 
Inetpidttllon  totilt,  It  mtnqut  d'lnitiitivt  du  tujtu 
iittlnii  ptut  raprlunttr  un  probltmt.  Lu  obuivttloni 
ifftctulu  ptr  Thornton  (24)  montrtnt  qut  lu  tujitt 
itttlntt  iccompllutnt  glntrtlomtnt  corrtetcmtnt  lu 
ilchu  quI  Itur  tont  utlgnltt,  mtit  ont  ttndtnu  b  u 
llmittr  itrictamtnt  t  rindltptnublt.  Bn  ftIt,  11  t'lnitillt 
ntturtlltnttnt  unt  witt  dt  companuiton,  tu  uln  do 
I'dqulptgt,  dt  rieiMtt  du  plut  ttttlnU,  qui  tbouilt  b 
I'teeomplltumam  do  I'tnumbit  du  objoctlft  it  du  tlchu 
prtvuu  (ritchkt), 

Sur  It  pitn  prttiqut,  on  rtibvt  un  ctrttUt  nombro  dt  cu  ob 
It  mtl  dt  I'ttptw  t  inttrfdrb  dirtcttmtnt  tvtc  du  tetivltit 
optritlonnellu  progrtmmtu.  Alnti,  Ion  du  programmt 
Apollo,  plutlturt  Inddtntt  mlntun  ont  it!  notlt  dont  It 
plut  tlgnlflcttir.  Ion  du  vol  Apollo  9,  t  cntrtlnt  un  report 
d'une  Joumto  dtnt  It  programme.  On  note  tgilement  quo 
I'dqulptgt  dt  Skyltb  3  e  dtd  emend  b  rddutre 
ilgniricatlvement  tu  tctivitdt  pendent  lu  31  premidru 
heuru  du  Vol.  Pour  ca  qui  conceme  lit  opdrttlont  du 
Syitdme  de  Triniport  SpititI  (STS),  divert  inddentt  ont 
dgtlemtnt  did  rtpportdt,  tUbgomint  du  progrtnuni  de 
n'S-3,  report  d’unt  tortio  axtrt-vdhlculalre  Ion  du  vol  STS> 
S  (13).  Du  did  Sovidtique,  lu  donadu  tont  molnt  citiru, 
milt  Rtuon  (22)  rtpportt  qu'an  1917  unt  million 
lovidtlqut  pourrtlt  ivolr  did  tnnuldt  en  rulton  d'un 
probltmt  dt  mtl  de  I’upiee. 

Un  didment  d'importence  dtnt  le  problbme  de  It 
ilgnincation  opdrtliunnelle  du  mtl  de  I'eiptet  eit  It  durdt 
du  opdrttloni  envUtgdu.  II  ftut  blen  dtri  conident  qut  lu 
dvantuellu  dUtleult^  rtneontrdu  lutvlanntnt  dam  lu 
pramitru  heuru  du  vol  SptiitI  (21)  et  qut  dtm  It  mbjoritd 
du  cu  I'hibliuttlon  ntuioHuorlelle  b  It  mlerogrtviid  tit 
tcqulio  dtm  lu  primlbtu  72  hturu  du  vol.  Alnil,  an 


dehon  de  cu  ptrticulieii,  comme  let  inddenii  de  Irtnifert 
dt  I'tqulpiga  d’un  vtiltuu  van  unt  ittlion  orbittit.  It  mil 
dt  I’uptu  poN  rtltllvemtni  peu  da  probibmu  dtm  lu 
idjourt  dt  longue  durdt.  Bn  rtvtnoht,  lu  volt  count 
comporttnt  un  programme  trbi  chtrgd  torn 
ptrticullkftintnt  luic^iblu  d'dtro  tlftetdi  lur  It  plan 
iqidrttlannil.  n  (tut  eaptndtm  raeonntltrt  qut,  lur 
buttooup  da  plant,  lu  prtmlbru  hturu  ptudu  tn 
imputnttur  tont  gdndrtlimtni  lu  plut  erltiquu.  En  cu  dt 
dreonittncu  vdrlttbltmtnt  uetptlonntllu  mtttint  an  Jiu 
It  ideurltd  du  opdriilom  dtnt  lu  36  prtmlbru  hturu  dt 
idjeur,  on  pout  toq)eun  Idgillmamint  u  pour  It  quutlon 
da  I'lmptct  qut  pourrtlt  tion  avoir  It  mtl  dt  I'tqitct. 

43.  lurvit  tn  mtr 

n  ut  notolrt  qut  lu  conditlont  dt  tuivlt  tn  mer  lont 
ptrtleuUbitmtnt  propicu  tu  dlvtlopptmtnt  du  ctndtoiu 
comma  It  loullgnt  Ration,  dttnt  LItno  (19SS),  tvte  du 
ckiffru  dt  60  91  d'lnddenct  dtnt  lu  dquipagu  abittui  tn 
mer.  Stm  (oumir  dt  donndu  itttiulquu  prddtti,  II  tvtnu 
qut,  dtnt  ettta  tltutilon.  It  mil  dt  mtr  pourrtlt  bitn  avoir 
contribud  b  li  mon  tn  hitint  It  proceuui  dt 
ddihydrtliiion. 

L'dvtnlutlltd  d'obuivttlon  d'djtetlom  tn  mtr  Ion 
d'opdrttlom  comblndu  tdromtritimu  ou  tdrontvilu  ut 
loin  dbtrt  ndgligttbit.  Dim  cu  eondliloni,  I'dtit  dt  It  mtr 
va  comtilutr  un  point  Importint  dim  lu  ohincu  dt  lutvlt 
du  porionntli.  Lt  ruhtreht  wrt  d’tutint  plui  dimdlt  at 
ulon  touio  probibllltd  longue  qua  lu  condition!  de  mtr 
uront  miuvtliu.  Lu  tngini  dt  uuvttigu  IndMdutU  lont 
gdndrtitmtnt  iittlquu  at  w  comporttnt  tommo  dt 
vdrltiblu  bouchom  lur  li  mtr,  et  qui  fivorlu 
comiddribitmtnt  I'ipptritlon  du  mil  dt  mtr.  Lu 
conidqutnou  wnt  tn  gdndral  trlplu  (9)i  rtttmlutmtnt  lur 
lu  buoim  hydromlndrtux,  tUtlnlt  du  piychlimi, 
iggrivtilon  du  Itttt  pathologiquu  intarcurrtnti. 

L'tbcutiwtmtnt  du  mtl  de  mer  tu  I'litptrliion  dr 
vumlHomenti  incoerdblu  qui  tugmtnttm  dt  ft;on 
condddriblo  lu  pertti  hydro.mlndrtlti.  Lo  problbme  de 
t'dquIUbrt  hydro-mlndral  dtm  It  lutvlt  en  mer  ait  dtm 
toutu  In  conditlom  ntrbmomiat  critique  du  filt  du 
rttlonnoment  dt  I'etu.  Lt  ddihydrttitlon  ivec  hdmo- 
concenlntlon  oit  iggrivdo,  dim  le  cu  doi  vomiiument  ptr 
lu  penu  lonlquei  qui  peuveni  abouilr  t  I'lnittllttlon  d'une 
ilctloH  mittbollque. 

Sur  la  plan  pqtchlque,  II  oit  blen  connu  que  lu  cinltoui 
ibvbm  entrilnent  unt  vlrittblt  prourttlon  tv«  unt  parte 
plui  bu  ffloim  importintt  de  ritet  dt  conurvitlon.  II  ut 
reeonnu  quo  li  volontl  dt  lurvlvrt  oonitltuo  un  lUmtnt 
Important  dtm  lu  iKuitlom  de  ntufrtgt  maritime  at 
I’tpptrltlon  du  lyndrome  de  dnltoie,  en  dehon  de  uc 
rt^euuiom  phytlologlquti,  oit  toujouri  attrbmament 
dlftvortblt.  D’lutre  part,  It  rtpdttgt  d'une  imbtratlon 
monopItM  dtm  un  tmdronntmtnt  hmtllo  eonititut  unt 
tbeht  dlfficUt  et  It  cooplritlon  du  ntuUrtgl  eonititut 
•ouvint  un  lUnwnt  ddoUil.  L'lptthlt  tngtndrbt  par  le  mtl 
de  mer  ptut  done  u  rbvller  critique  dtm  un  moment 
iMeiiif  pour  It  rluiiitt  dt  It  million  dt  Muvttigt, 
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Enfin,  il  no  laul  pu  oublier  qu’un  piloto  pout  tire  bIcut  au 
coun  d'un  abandon  dc  bord  el  que  aon  6111  na  peut  alon 
qu’ttre  aggrtvd  par  I'apparJlItn  du  mal  de  mat  at  da  laa 
afTaU  cMblUtanli. 

S.  CONCLUIIONI 

L'aniambla  daa  donndai  da  la  Uudratuia  at  daa  parapectlvaa 
dicoulant  daa  tidmanti  nouvaaux  U4a  d  I'dvolution  daa 
matdrtaU  at  daa  lichaa  daa  dquipagaa  da  I'adronauliqua 
mlUlaira  pamattam  da  aliuar  1m  conidquancM 
opdiattonnallM  daa  dnitoaH  dam  la  Mntaxta  actual  du 
opdratlom  adriennea.  at  qiatlalaa. 

L’lnddanM  daa  dndtoiaa  an  dcolo  da  pUoiaga  aanibla 
ralalivament  alabla  at  ion  unpact  lur  la  progruaion  dai 
Utvu  act  ralalivafflont  blan  matlrlad.  La  rdal  probifana  aal 
Mlui  da  I'alTon  qu’U  Taut  conianlir  pour  aitidloirar  la  laux 
d'aittitlon  lid  au  mul  da  I'air.  La  nature  da  cal  alTort  oat  d 
I'haura  lAualla  dtroltcmant  lida  aua  poailbllltdi  dc 
raerutamant  at  d  la  phlloiophia  gdndrala  adoptda. 

La  lurvenua  da  manifaaiaiiona  de  dndtoM  chos  du  pllotei 
oprrallonnoli  inatiani  an  oeuvre  daa  ayiidmaa  d'artnci  01 
du  mlaalona  compleau  eonitltua  aana  aueun  douta  une 
iliuaiion  prdoccupanta.  Ca  point  mdrita  trda  caitainamant 
uno  lurvaillanca  particulldra,  la  aulvl  da  terrain  automutiqua 
at  I'utUlaatlon  da  vtiloniqua  montda  aur  la  caaqua  du  plloia 
at  da  dlipoiltifi  d'aide  d  la  vtilon  nocturne  comportant  dei 
didmanli  partlculidramant  proplcu  au  ddclanchomont  dea 
dndtoiei. 

L'Inddanoa  opdratlonnalle  du  mal  do  roipaco  eonitltua 
tdujouri  un  point  d'Intdrdt  loutanu.  Si  lea  falta  montreni 
qua  dani  baaucoup  da  cu  laa  conidquancoi 
neuroieniorlollu  da  I'adaptatlon  d  la  mlcrogravitd 
damourant  moddrdai,  loi  rliquai  potentloli  dana  doa 
iltuatlona  critiquu  lurvenant  dam  loa  pramidroi  houroi  du 
vot  parilitani  La  durda  daa  voli  eonitltua  un  didmani 
d'Importanca  pour  la  raiaiiitiiamani  aur  laa  opdratloni. 

Enlln,  lea  conadquencu  dea  cindtuuti  aur  la  lurvlc  on  mor 
aont  blan  connuei  ct  reprdicntont  toujouri  uno  monanc 
Importanto  pour  la  devanir  doa  dquipagvi  coniruinti  d 
I'abandon  da  bord  lori  da  lurvol  maritime, 


Ramardamonti:  L'auiaur  louhalte  romerdor  Martina 
Kerguelen  du  Laboratolra  da  Mddodna  Adroipatlala  du 
Cantra  d'Biaaia  an  Vol  pour  ion  aide  dam  la  prdpuration  do 
co  documant, 
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SUMMARY 

From  a  conceptual  viewpoint,  individual  differences  in  susceptibility  to  motion  ileknesa  are 
determined  by  differences  in;  initial  reactivity  (receptivity),  ability  to  adapt  to  the  modon,  ability  to 
retain  the  adaptation  during  absdnence  periods,  and  ability  to  reinstate  adaptlve  responses  upon  re¬ 
exposure  to  the  motion.  From  a  theoretical  viewpoint,  the  adaptive  adjustment  involves  alteration  of 
the  tinting,  magnitude,  and  direction  of  sensorimotor  reactions  so  as  to  Increase  the  efficiency  of 
postural  controfln  the  motion  environment.  However,  the  threshold  linking  the  sensorimotor  adapdve 
piocess  to  the  processes  that  eet-off  the  signs  and  symptoms  of  motion  sickness  may  also  be  an 
Individual  characteristic.  A  conceptual  model  la  presented  to  organize  the  discussion  of  individual 
differences  in  modon  sickness  susceptibility.  Factors  that  have  been  reported  to  Influence  incidence  of 
motion  sickness  such  as  age,  mental  activity,  anxiety  and  fear,  perceptual  style,  physical  fitness, 
active  control  of  the  inducing  motion,  concomitant  visual  stimulation,  quality  of  the  initial  exposure  to 
the  motion  environment  and  conditioned  motion  sickness  are  discussed. 

INTRODUCTION 

Motion  sickness  Is  a  significant  problem  in  every  m^or  form  of  modern  u-ansportatlon, 
including  apace  travel  (Homlck,  1979,  Homlck  etal..  1984).  In  passengers.  Its  effects  range  from 
mild  discomfoit  to  severe  disturbance,  and  In  crew,  effects  range  from  lowered  enthusiasm  for  work 
to  Incapacitation  for  any  useftil  activity.  Extreme  prolonged  sickness  Is  a  threat  to  survival.  In  flight 
training,  air  sickness  is  a  significant  cost  due  to  Increased  training  time  and  attrition  of  some  otliervdse 
well-qualified  individuals.  Operational  significance  of  motion  sickness  Is  reviewed  by  Legcr  (1991) 
In  this  volume. 

Motion  sickness  is  a  normal  response  to  an  abnormal  motion  environment,  and  it  is  likely  that 
anyone  with  a  functional  vestibular  system  can  be  made  sick  by  any  of  several  fonns  of  provocative 
motion.  However  some  people  succumb  to  provocative  motions  much  more  readily  than  others,  and 
different  environmental  andjpersonal  conditions  can  Increase  incidence  of  sickness  engendered  by  a 
given  motion  stimulus.  This  chapter  deals  with  Individual  differences  in  motion  sickness 
susceptibility  and  with  factors  other  than  the  motion  itself  that  alter  the  sickness  incidence.  The 
chapter  by  Oriffln  (1991)  deals  with  characteristics  of  morion  that  Influence  sickness  Incidence. 

The  Scope  of  Individual  Differences 

The  magnitude  of  individual  differences  in  reactions  to  provocative  motion  can  be  clearly 
appreciated  by  exposing  each  of  20  flight  students  to  a  sequence  of  head  tilts  during  whole-body 
rotation  at  a  speed  of  13  rpm.  It  is  probable  that  one  subject  will  describe  the  experience  ns 
"absolutely  dreadful,"  to  use  the  scale  of  Lawther  and  Oriffln  (1986),  while  another  will  find  the 
experience  interesting  and  not  disturbing  as  Indicated  by  requests  for  repetition  of  the  experience  with 
stronger  stimuli.  Among  a  group  of  individuals  who  have  chosen  a  career  in  aviation,  similar  In  age 
and  background,  a  few  abhor  and  are  visibly  Incapacitated  by  a  motion  stitnulus  that  a  few  eqjoy.  The 
immediate  reaction  to  such  a  stimulus  foretells  subsequent  sickness  if  the  exposure  Is  continued, 
although  prediction  from  initial  reactions  Is  far  from  perfect.  Nevertheless,  immediate  reactions  are 
significantly  correlated  with  subsequent  problems  in  aviation  (Lansberg,  I960,  Ambler  and  Ouedry, 


Immediate  reactions  to  provocative  stimuli  fail  to  reveal  the  scope  of  important  dimensions  of 
differences  in  reactions  to  motion.  Some  individuals  recover  veiy  slowly  from  a  given  level  of 
sickness  while  others  recover  more  quickly,  A  very  Important  category  is  chronic  sickness  where 


despite  prolonged  and  repealed  exposure,  severe  sickness  continues.  This  category  is  most  easily 
ideniified  in  seasickness,  where  ample  opportunity  to  adapt  fails  to  yield  improvement,  While  lai£ 
members  of  this  class  are  rare,  they  should  be  studied  In  detail  to  answer  some  questions  that  will 
arise  in  this  chapter. 

Nature-Nurture 

From  earlier  considerations  of  mechanisms  of  motion  sickness  (Ouediv.  1991),  we  infer  that 
motion  sickness  susceptibility  (MSS)  would  be  dependent  upon  the  individual's  history  of  exposure 
to  unusual  motions  but  If  Individuals  are  somehow  intrinsically  different  initially,  then  not  only  will 
they  have  controll^,  to  some  extent,  their  exposure  histories  but  their  current  state  of  adaptatlott  will 
depend  upon  intrinsic  difTerences  in  adaptive  capacity  and  adaptation  retendon.  Thus,  immediate  MSS 
of  individuals  Involves  the  classical  nature/nurture  problem  of  understanding  human  behavior. 
Because  motion  sickness  Is  a  specific  and  fairly  measurable  aspect  of  behavior  and  because  exposure 
history  Is  also  fairly  meusurabte,  advances  In  the  understanding  of  MSS  may  also  provide  an  approach 
to  the  greater  problem  of  understanding  human  behavior  (Mlr^ile,  1990). 

MOTION  SICKNESS!  AN  ENDURING  TRAH'  THAT  CAN  BE  CHANGED 

Based  on  the  conceptual  model  presented  earlier,  tnlssmatch  between  perceived  and  expected 
spatial  orientation  reactions  inidates  two  processes  -  one  that  alters  the  adaptive  state  of  the  individual 
and  another  accumulation  process  that  leads  to  the  sickness  syndrome.  In  turn,  the  adaptive  state  of 
the  Individual  depends  upon  1)  history  of  motion  exposure  and  2)  how  the  individual  reacted  to  and 
has  been  shaped  by  the  modons  experienced.  Figure  1  depicts  factors  influencing  Individual  motion 
sickness  susceptiollity  to  a  particular  motion  of  stimulus.  Adaptation  achieved  in  a  motion 
environment  depends  upon  the  activity  of  the  Individual  in  that  environment  ■  what  the  individual  has 
been  required  to  do  or  wants  to  do  and  tries  to  do.  Adaptation  to  avlntlon  In  indlvldunls  whose 
exposure  predominantly  involves  piloting  and  learning  to  pilot  the  aircraft  differs  from  adaptation 
developed  by  individuals  whose  exposure,  though  equivalent  in  hours,  Is  that  of  a  passenger.  Pilots 
sometimes  become  sick  when  they  are  in  the  back  seat.  History  of  exposure  is  thus  not  a  simple 
accuunting  of  type  and  number  of  hours  of  exposure.  It  is  complicated  by  the  fact  that  the  Individual 
inuilally  determines  the  history  and  tlie  liistory  changes  the  individual. 

In  addition  to  the  individual's  long  temi  motion  adaptation  capablllllcs,  other  personal  facl'TS 
can  alter  immediate  susceptibility  to  a  parucuior  motion  environment.  Examples  of  lem|X)rnry 
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PIguie  1 .  Factors  in  Individual  susceptibility  to  sickness  with  particular  motion  stimuli. 


predisposing  factors  are  temporary  gastrointestinal  upset,  inner-ear  inflammation,  alcohol  ingestion, 
headache,  and  perhaps  severe  emotional  involvement  in  family  matters.  More  enduring  predisposing 
factors  include  t'le  psychological  characteristics  that  determined  the  individual's  selection  of  past 
motion  environments,  individual  adaptive  strategy  and  effort  to  perform  within  the  environment,  and 
perhaps  individual  fear  of  the  environment  itself. 

Evidence  that  motion  sickness  is  an  enduring  jtail  has  led  to  much  speculation  about  personal 
characteristics  that  caure  this  'weakness."  The  evidence  consists  of  the  tact  that  individuals  who 
become  sick  with  one  kind  of  provocative  motion  also  tend  to  become  sick  with  other  kinds  of 
provocative  stimuli,  i.o.,  susceptioillty  tBOflt  to  he  constant  over  different  modon  condidons  (Oraybicl 
and  Lackner,  1983,  Crampton  and  Young,  1933,  Kennedy  and  OrKbiet,  1962,  Hixson  et^..  1984, 
Lentz,  1984).  Individuals  susceptible  to  motion  sickness  early  in  life  leotl  to  be  doubled  by  sickness 
later  in  life.  Motion  sickness  is  an  enduring  trait  over  time  and  tvpe  of  modon.  Motion  sickness 
history  questionnaires  are  perhaps  the  best  current  available  predictor  of  sickness  in  new  motion 
environments  (Kennedy  et  al..  1990,  Hixson  et  al..  1984).  Part  cf  this  section  deals  with 
mechanisms  that  might  be  the  basis  for  idiosyncratic  reacdons. 

Hie  evidence  that  suggests  that  motion  sickness  is  an  enduring  trait  also  suggests  considerable 
Independent  variation.  The  correlation  coefficients  over  different  provocative  stimuli  are  not  veiy 
high  particularly  when  large  samples  arc  studied.  Modon  sickness  history  correlates  significantly  with 
provocative  test  scores  (L^ntz,  1984)  and  also  with  sickness  in  operational  environments  (Hixson  fit 
aL  1984),  but  again  there  is  much  room  for  independent  variation.  While  some  of  the  "weakness"  in 
correlations  Is  piobably  attributable  to  reliability  of  measurement  of  the  predictor  and  the  criterion 
(Kennedy  et  al..  1990,  Reschke,  1990)  which  limitn  the  prediction  correlation,  almost  certainly  some 
of  the  weakness  is  sttribuUible  to  changes  in  some  individuals,  and  not  to  elastic  measurement.  In  our 
studies  (Prewitt  1975,  Hixson  filjdu  1984)  some  individuals  were  highly  susceptible  to  one  kind  of 
stimulus  but  relatively  unaffected  by  another,  even  though  the  provoking  stimuli  were  equal  in 
duration  and  equivalent  in  provocation  incidence.  The  fact  that  "desensitization  procedures"  are 
effective  in  returning  airsick  aviators  to  flight  status  shows  that  adaptation  can  serve  to  change  the 
individual.  The  flight  instructor  who  experiences  flight  simulator  sickne.ss,  while  his  beginning  flight 
student  does  not,  also  lliustratet  changes  that  occur  through  experience  with  particular  motion 
enviinnments.  Part  of  this  section  will  deal  with  factors  that  would  serve  to  change  motion  sickness 
susceptibility  in  individuals  from  one  time  to  another. 

A  CX^NCEFPJAL  MODEL  AND  FACTORS  THAT  ALTER  SUSCERnBILlTY 

Figure  2  will  serve  as  a  guide  for  reviewing  mechanisms  of  the  reaction  to  motion  that 
contribute  to  idiosyncratic  reactions  as  well  as  to  changes  in  reactions  of  individuals  over  lime  and 
over  different  stimuli. 


Figure  2.  Conceptual  Model  of  Mecliatiisms  of  Motion  Sickness 


The  Motion  Stimulus 

On  the  left  side  of  Piyuie  2,  is  the  motion  MimuluE  The  fact  that  motion  sickness  tends  to  be 
an  enduring  trait  over  di^erent  fonns  of  provocative  stimuli  seems  to  lead  some  investigators  to  the 
idea  that,  as  far  as  motion  sickness  is  concerned,  all  nrovocative  stimuli  ate  qualitatively  alike,  i.e, 
they  differ  only  in  legard  to  how  much  sickness  they  generate.  This  Idea,  if  wrong,  leads  to 
inappropriate  InterpretaBon  of  experimental  results.  Motion  stimuli  that  ore  equally  provocative  can  be 
quite  different  in  some  aspects  of  the  total  psychological  and  physiological  reactions  they  generate. 
Differences  Ir,  particular  aspects  of  the  total  reaction  could  determine  wheth or  not  measures  of  some 
''predisposing''^ factor  such  ss  crslt  anxiety  achieves  significant  correlation  with  measures  of  motion 
sickness  generated  by  a  particular  stimulus.  Experiencing  the  obviously  safe  off-vertipal  rotation  at 
12rpni  in  a  laboratory  differs  considerably  from  the  initial  experience  of  aerobatic  maneuvers  in  high 
penormance  airci^.  Differences  in  psychological  impact  of  motion  are  more  subtle  than  this  example 
would  imply,  Le.,  differences  are  not  necessarily  ascertainable  fVom  a  'common  sense'  eveluation. 
For  example,  off-verdcal  rotation  In  the  dark  at  atwut  1 5tpm  is  not  at  all  unpleasant  initially.  .Subjects 
find  inteiesting  the  fact  that  the  path  of  body  motion  they  perceive  is  quite  oiflerent  from  the  true  body 
motion.  For  those  made  sick  by  this  motion,  the  pleasant  reflection  on  an  interesting  experience  gives 
way  to  stomach  awareness  which  can  progress  fairly  quickly  Into  nausea  and  vomiting.  Before  the 
nausea  begins,  however,  these  subjects  would  be  quite  willing  to  repeat  the  experience. 

in  contrast  is  the  effect  of  head  tilt  during  whole-body  rotation  at  ISrpm.  Within  the  flrsi 
second  of  experiencing  this  cross-coupled  stimulus,  a  number  of  subjects  are  aware  that  they  do  not 
like  it  and  ate  even  unmediately  fearful  of  the  experience.  Both  stimuli  involve  canal/otolith 
missmatch,  both  induce  sickness  In  many  subjects  but  the  immediate  perceptions  of  the  two  stimuli 
have  quite  different  emotional  overtones  -  even  to  those  made  sick  by  both  stimuli.  It  is  curious  that 
only  a  few  individuals  find  the  cross-coupled  stimulus  sufficiently  interesting  to  want  more  of  it 
whereas  most  subjects  find  the  off-vertical  stimulus  interesting  and  want  to  observe  It,  unill  sickness 
symptoms  begin.  Differences  in  the  total  reactions  to  different  motion  stimuli  may  explain  some  of  the 
inconsistencies  in  iliis  challenging  area  of  research. 

Motion  Sensors 

Because  absence  of  vestibular  function  confers  immunity  to  motion  sickness  (reviewed  in 
Reason  and  Brand,  1975),  measures  of  vestibular  function  have  been  explored  for  their  poienilal 
rcialionshlp  to  MSS,  Thus  far,  vestibular  funclirn,  as  tested,  has  not  shown  a  clear  relationship  to 
MSS,  other  than  the  immunity  that  complete  toss  of  function  confers.  With  very  few  exceptions, 
measures  of  vestibular  function  in  these  studies  have  been  limited  in  scope  and  low  In  reliability. 
Kennedy  et  al..  (1990)  provide  a  convenient  tabulation  of  relevant  studies.  Bles  et  al..  (1984)  found 
that  rates  of  decay  of  canal-mediated  responses  to  impulse  stimuli,  the  often-investigated 
‘cupulogram’,  (Reason  and  Brand,  Chapter?  1975,  Dowd,  1973,  Dobie,  1974,  Mann  and  Canella, 
1956,  Reason,  1967),  failed  to  discriminate  seasick  from  controls,  but  labyrinthine  imbalance 
appeared  more  frequently  than  expected  in  caloric  tests  of  the  seasick  group  as  did  unusual  visual 
inrluence  on  body  sway  (see  Tteld-dcpendcncc'  below). 

Results  of  Bles  (1984)  suggest  that  adaptive  capacity  may  be  depicted  by  the  recovery 
from  partial  loss  of  function,  leaving  some  individuals,  whose  capacity  may  have  been  marginal 
initially,  chronically  motion  lick,  when  exposed  to  a  provocative  environment.  Following  sudden 
loss  of  vestibular  function,  motion  sickness  is  generated  by  ordinary  voluntary  body  movement  for 
several  days  and  weeks,  until  adaptation  to  the  loss  (or  partial  loss)  occurs.  Physicians  would  like  to 
have  tests  that  forecast  individual  adaptive  capacity  when  the  treatments  they  are  considering  threaten 
the  loss  of  vestibular  function.  Some  individuals  never  adapt  to  the  loss  successfully.  Inputs  from 
the  visual  and  somatosensory  partners  in  the  control  of  body  motion  induce  sickness  while  relative 
gain.!  among  these  partners  are  adjusted  to  compensate  for  the  reduced  vestibular  component. 
Adjustment  contlniie.j  ut4il  aotomaiicity  in  the  control  of  body  motion  relative  to  the  earth  is  achieved. 

Failure  to  find  clear  and  strortg  relationship  to  MSS  is  to  be  expected  considering  the  number 
of  causal  factors  and  the  problems  faced  by  investigators  in  measuring  vestibular  function  quickly  in 
large  numbers  of  subjects.  Some  scatter  plots  that  comprise  cupulograms  ntore  closely  resemble 
circles  than  ellipses  and  finding  the  cupulogram  slope  is  more  imaginary  than  measurable  in  many 
responses.  Measurement  of  vestibular  function  and  its  interactions  v^th  other  sensory  motor  systems 
is  improving  and  technical  advances  wilt  enable  assessments  tiipt  are  far  more  uiequate  than  were 
feasINe  in  the  past.  F.xpluration  of  this  area,  particularly  reganJing  interaction  measures  and  their 
changes  with  repetition,  is  far  from  complete  but  it  is  still  a  formidable  challenge. 


Perceptual-Motor  Adapution 

Reason,  in  the  course  of  a  well-organized  study  of  motion  sickness  (Reason  et  al..  1969- 
1978),  proposed  that  a  large  part  of  individual  variation  in  susceptibility  is  attributable  to  individual 
receptivity,  adaptability,  and  retention  of  adaptation.  Receptivity,  which  refers  to  idiosyncratic 
processing  of  sensory  information  by  t'le  central  nervous  system,  was  infened  from  studies  (Reason, 
li)67a)  showing  relationships  between  motion  sickness  history  and  the  slopes  representing  the 
relationship  between  response  magnitude  and  increments  in  Intensity  of  different  sensory  inputs.  The 
idea  is  that  some  individuals  cheracteiistlcaliy  damp  down  stimulation  whereas  othen  characteristicaily 
amplify  it,  irrespective  of  the  stimulus  condition.  Receptivity,  which  is  a  broader  concept  of  how  the 
Individual  Interacts  with  his  environment,  should  be  considered  with  perceptual  style,  discussed  later, 
but  it  is  included  here  because  of  its  relation  to  perceptual-motor  adaptation.  If  in  our  conceptual 
model  we  assume  that  those  who  have  high  receptivity  also  are  strong  reactors  to  sensory  missmatch, 
then  the  model  suggests  that  those  with  nigh  receptivity  would  be  more  aroused  to  commence  the 
adaptive  process  and  also  more  liable  to  rapid  titration  toward  the  sickness  endpoint. 

Reason  also  presents  evidence  that  adeptation  capability  Is  not  necessarily  closely  related  to 
receptivity  (Reason  and  Qrayblel,  1972).  For  example  individuals  who  exhibit  extreme  reactions  to 
cross-coupled  stimulation  may  be  fast  adapters,  fast  enough  to  reduce  mlcsmatch  before  the 
neurochetnlcal  link  achieves  threshold  level.  While  our  studies  show  some  relationship  between 
immediate  reactions  to  provocative  stimuli  and  subseouent  airsickness  susceptibility,  many  individuals 
with  extreme  reuctlons  adapt  aulte  successfully  to  aviation  (Ouedry  and  Ambler,  1972,  Hixson  et  al.. 
1984).  Reason  also  found  individual  variation  in  retention  of  adaptation.  Thus  receptivity, 
adaptability  and  retention  appear  to  be  separate  factors.  Again  referring  to  the  conceptual  model  in 
Figure  2,  if  missmatch  magnitude  diminishes  and  if  adaptation  retention  is  sufficient  then  likelihood  of 
sickness  with  successive  exposures  to  ship  or  aircraft  motion  is  diminished.  In  Figure  2,  the  large 
central  area  represents  hypotnesized  components  of  perceptual-motor  acOustment  whereby  missmatch 
magnitude  is  reduced  which  in  turn  lessens  the  chance  of  sickness. 

Autonomic  and  Neurochemical  Adaptive  Change 

in  recent  years  several  procedures  have  been  successful  (Bagshaw  and  Stott,  1985,  Jones  fit 
oLi  1985,  Stott,  1990)  in  treating  airsick  aviators.  Most  procedures  employ  repetitive  exposure  to 
cross-coupled  stimulation  incrementally  increased  in  magnitude  In  dally  training  sessions  until  the 
aviator  tolerates  stimuli  eonsiderebiy  stronger  than  were  initially  tolerable.  During  this  conditioning 
process,  changes  in  perceptual-motor  response  to  the  orovocatlve  stimuli  occur  but  there  is  reason  to 
uuestion  that  this  is  the  primary  source  or  protection  for  the  aviator.  A  recent  summary  (Stott,  1990) 
snows  that  a  range  of  procedures  have  been  successful  with  airsick  referrals  in  different  branches  of 
the  military  services  and  in  different  nations.  In  recent  years,  the  most  common  adaptation  stimulus 
has  been  incremental  cross-coupled  stimulation  although  in  the  past  others  hove  been  used  (Gibson 
and  Manning,  1943).  Adaptation  to  vertical  linear  oscillation  appeara  leas  readily  achieved  than 
adaptation  to  cross-coupled  stimuli  and  tolerance  gained  to  either  stimulus  form  may  transfer 
minimally,  the  one  to  the  other  (Stott,  1990,  p.  378).  From  casual  observations  in  our  laboratory  we 
suspect  that  adaptation  to  off-vertical  rotation  is  also  difficult.  This  is  an  important  area  for  in-depth 

How  can  adaptation  to  incremental  cross-coupled  stimulation  transfer  to  the  flight  environment 

Station  is  minimal  to  low  frequency  vertical  linear  osciilation  or  off-vertical  rotation?  The 
eness  may  depend  upon  Improved  control  of  the  autonomic  aspect  of  the  reaction  in  the  flight 
environment,  which  is  actually  less  provocative  than  the  sustained  unrelenting  stimulation  that  occurs 
with  off-verticil  rotation  or  with  steady-state  vertical  linear  oscillation.  The  flight  environment,  even 
in  aerobatic  training,  offers  many  fairly  sustained  recovery  periods  between  provocative  maneuvers 
which  are  anticipatM  before  they  occur. 

A  procedure  called  autogenic  feedback  training  (AFT)  concentrates  on  bringing  the  autonomic 
component  of  the  response  to  motion  under  volun'ary  control.  Cowlngs  (1990)  proposes  that  AFT 
does  not  involve  perceptual-motor  adaptive  mechanismt  but  rather  increases  the  tiueshold  to  the 
neurochemical  link.  In  other  words  If  the  autonomic  upect  of  the  total  reaction  is  suppressed  then 
the  arousal  due  to  missmatch  would  be  r^uced  thereby  reducing  neurochemical  bulid-up  and  also 
motion  sickness.  We  might  alw  expect  that  if  APT  reduces  missmatch  arousal,  then  perceptual  motor 
adjustment  would  also  be  obviatea,  if  the  usk  and  environment  permit  effective  function  without 
perceptual-motctf  change.  Because  the  adaptation  procedures  used  in  treatment  have  not  been  Mtimal 
for  perceptual-motor  change,  this  may  be  an  appropriate  view  of  tliS  effects  of  some  of  these 
procedures,  including  the  AFT  of  rowings*.  On  the  other  hand,  it  is  clear  that  envlrunmen:i  that 
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demand  pemepiual-motor  chonee  for  effective  function  (Meivlli-Jonea,  1985,  Ouedry,  1965,  Ouedrv,  | 

1964)  yield  dramatic  percepiu m-motor  changea  that  parallel  reduction  of  sickness  and  are  probably  j 

instrumental  in  preventing  sickness.  Conditioning  with  optimal  conditions  for  perceptual-motor 

adjustment  may  yield  benencial  transfer  effects  by  Improving  'learning-to-learn'.  Perceptual-motor  I 

adaptation  appears  quite  stimulus  specific  when  tested  soon  after  the  adaptation  procedure  but  after  | 

several  days,  more  general  adaptation  becomes  apparent  (Ouedry,  1965).  Intensive  incremental  * 

exposure  to  cross-coupled  stimulus  seems  to  yield  more  general  adaptation  (Oraybiel  and  Kn^pton,  ' 

1972),  It  is  likely  that  both  peioeptual-motor  learning  and  the  threshold  to  the  sickness  syndrome  can 

be  altered  with  conditioning  procedures.  Both  may  be  somewhat  Idiosyncratic  in  the  first  place  ! 

creating  individual  differenoes  In  suscepdbility  that  can  be  altered  by  conditioning  procedures.  Aside 

from  the  excellent  comparadve  series  carried  out  Reason,  wherein  adaptation  and  adaptation-retendon 

were  observed  with  systematic  variation  in  visual-vestibular  conditions  (Reason  and  Brand,  1975), 

and  the  studies  mentioned  by  Stott  (1990,  p.378),  we  have  Insufficient  data-base  for  further 

specifying  or  amending  the  conceptual  model  represented  by  Figure  2. 

Both  mechanisms,  adapdve  perceptual-motor  change  and  adapdve  autonomic  control.  Involve 
something  akin  to  learning.  However,  uraybiel  and  Lackner  (1980),  who  found  no  evidence  for 
correlation  between  signs  of  sickness  and  physiological  Indicators  of  autonomic  aedvity,  challenge  the 
valun  of  AFT,  a  challenge  discussed  in  some  detail  by  Cowlngs  (1990,  p.3S4).  Since  Oraybiel 
(1969)  proposed  a  "facultative  link"  between  the  perceptual-motor  adaptive  process  and  the  onset  of 
sickness,  we  seem  to  have  a  concensus  for  a  linking  threshold  In  a  conceptual  model.  Whether  the 
threshold  can  be  modulated  dirough  conditioning,  the  exact  nature  of  the  threshold,  and  where  the 
threshold  should  be  located  in  the  chain  of  events  is  somewhat  debauible  (Oman,  1990). 

That  the  threshold  linking  perceptual-motor  adjustment  to  the  sickness  syndrome  Is  subject  to 
conditioning  is  suggested  by  evidence  for  conditioned  susceptibility  to  motion  sickness  (see  Fox, 
i990).  Money  provided  a  convenient  summary  of  evidence  for  conditioned  susceptibility; 

“There  are  reports  of  'sea  sickness  occurring  at  the  sight  of  a  ship  [or]  mounting  the 
gangway’  (180).  Such  reports  are  frequently  heard  as  anecdotes  about  persons  who 
have  been  sick  previously  at  sea  (82, 2S3),  and  such  sickness  can  be  considered  an 
ordinary  conditioned  response  in  which  the  primary  and  associated  stimuli  together  do 
give  the  same  response  as  the  associated  stimulus  alone.  Everyday  reports  of  this  kind 
of  sickness  usually  do  not  mention  vomiting,  and  it  is  reported  slmltarly  that  'with 
chronic  administration  of  emetics  to  dogs  uidcats,  there  [was]  observed  no  instance  of 
frank  vomiting  as  a  conditioned  response;  on  the  other  hand,  conditioned  salivation 
occurred  in  a  number  of  cases.’  The  authors  refer  to  other  studies  in  which 
conditioned  vomiting  was  achieved  (41).  Again,  although  mnny  repetitive  swing  tests 
of  dogs  have  been  reported  (27, 215, 230, 294),  only  one  animal  is  reported  to  have 
vomited  as  a  conditioned  response  (230).  Ordinary  conditioned  vomiting  of  this  kind 
in  man  is  also  rare,  but  it  has  occurred  (253).’’ 

(Money,  1970,  p.l6:  reference  numbers  are  those  of  Money). 

Psychological  Aspects  of  Motion  Sickness  Susceptibility 


The  Idea  that  motion  sickness  is  a  byproduct  of  a  protective  mechanism  against  neurntoxins 
(Money,  1991)  does  not  seem  consistent  with  consideration  of  motion  sickness  susceptibility  as  a 
product  of  disturbed  psychologic  function,  but  the  question  of  psychological  correlates,  causal  or 
otherwise,  has  been  a  persistent  one  in  Ihli  field.  The  presence  of  psychological  correla.es  suggests  that 
MSS  is,  at  least  In  part,  an  enduring  psychological  trail.  The  autonomic  reaction  to  notion  stress  is 
individualistic  (Cowings,  1990,  p.  356)  In  that ...  "no  two  Individuals  produce  precisely  the  same  sUess 
profiles"...  as  indicated  by  differing  patterns  of  physiological  Indicators  of  autonomic  activity.  High 
scores  on  neurolicism,  anxiety,  feminism  and  introversion  scales  correlate  with  high  motion  sickness 
history.  Considering  results  of  a  number  of  psychological  tests,  Collins  and  Lentz  (1977,  p.593) 
concluded  that  nonsuscepdbtes  “appear  better  prepared  to  cope  in  a  nonemotlonal  manner  with  stressful 
situations,  whereas  susceptible  individuals  may  be  more  likely  to  manifest  emotional  leiponies  In  the 
same  situation.’’  These  authors  were  careful  to  point  out  that  their  findings  were  based  upon  extremes, 
susceptible  and  nunsusceplible,  in  a  very  targe  sample.  Put  In  aviator  training  perspective,  scales 
designed  to  measure  these  personality  traits  yield  statistically  significant  but  low  correlation  to  motion 
sickness  os  measured  by  questionnaires;  and  motion  sickness  hlslnry  questionnaires  yield  ststistically 
significant  but  low  conelauon  to  measures  of  air  sickness  in  early  stages  of  flight  training;  and  measures 
based  upon  an  entire  early  stage  of  flight  training  have  a  correlation  of  about  0.6  with  tne  next  stage  of 
flight  training  (Hixson  cLaL.  1984).  This  means  that  a  number  of  individuals  with  high  scores  on 
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nevroticism,  anxiety,  feminism  and  Introversion  will  have  little  trouble  with  airsickness  in  flight  training 
and  if  a  representative  sample  of  all  fllaht  students,  not  Just  extremes,  is  evaluated,  then  correlation 
between  any  of  these  measures  and  MSS  will  be  very  low.  The  number  of  factors  entering  into  MSS 
does  not  permit  any  one  measure  to  be  highly  correlate  with  measures  of  modon  sickness  susceptibility. 

Fear  and  Motion  Sickness 

Physical  characteristics  of  motion  stimuli  and  factors  other  than  fear  and  anxiety  an  the  piinciple 
determiners  of  motion  sickness  (Reason  and  Brand,  1975,  p.l92)  but  some  of  the  symptoms  that 
accompany  fear  and  anxiety  also  are  associated  with  motion  sickness.  In  some  motion  environments, 
like  that  of  the  student  pilot,  anxiety  and  fear  may  heighten  arousal  to  the  point  that  subconscious 
perceptual-motor  adaptive  learning  as  well  as  the  learning  of  flight  tasks  is  impaired  and  in  our  model 
Increased  arousal  may  hasten  sickness  end-points.  But  fear  Is  not  a  primary  factor  in  motion  sickness, 
many  motions  that  are  obviously  not  dangerous  are  extremely  provocative.  The  views  of  Wendt  (1948) 
remain  valuable  today: 


"When  people  speak  of  psychological  factors  in  motion  sickness,  they  usually  refer  to 
one  or  more  of  seven  different  classes  of  factors,  more  or  less  distinct  from  one  another. 

Let  me  state  these  with  special  reference  to  airsickness, 

1.  Expectation  and  suggestion.  What  the  traveler  has  heard  about  airsickness, 
the  attitude  he  sees  others  adopt,  the  observed  effects  of  rough  air  on  others,  and  his 
expectations  from  his  own  post  experience  afllect  liability  to  siclmess. 

2.  The  specific  conditioning  effects  of  past  experience.  Sickness  in  autos,  boats, 
amusement  park  devices,  or  airplanes  tends  to  condition  nausea  to  whatever  stimuli  were 
present  at  the  time.  These  include  sights,  sounds,  odors  and,  most  important,  the  stimuli 
from  motion  Itself. 

3.  The  specific  habituation  effects  of  past  experiences.  Experience  ordinarily 
lessens  susceptibility  by  eliminating  the  unexpected,  leading  to  a  more  correct  estimate  of 
the  chances  of  sickness,  and  by  setting  up  some  bairier  against  elicitation  of  nausea  such 
as  occurs  whenever  stimuli  are  repeatra. 

4.  The  effects  of  concurrent  activity.  Airplane  pilots  and  auto  drivers 
infrequently  get  sick;  navigators  and  passengers  more  often  do.  No  helpful  explanation 
of  this  has  been  proposed  but  it  appears  to  be  weli-autheniicated  that  the  nature  of  one's 
activity  can  have  a  considerable  erfect  on  proneness  to  sickness, 

5.  The  effects  of  concurrent  emotional  state.  Apprehension,  fear,  anxiety  and 
grief  ore  often  present  when  passengers  become  airsick.  Opposing  emotional  states  of 
confidence,  satisfaction  and  well-being  are  regarded  as  preventing  sickness. 

6.  Airsickness  may  be  a  motivated  symptom  which  frees  a  student  by  wash-out 
from  a  situation  which  he  wishes  to  escape. 

7.  Airsickness  may  be  a  weakness  associated  with  certain  personality  types,  e.g., 
anxiety  neurotics,  who  are  more  susceptible  to  the  effects  of  the  psychological  factors 
involved  In  flying. 

In  the  brief  space  available  it  is  not  possible  to  review  all  of  the  evidence  for  the 
effectiveness  of  each  of  these  seven  classes  of  psychological  factors. 

The  effects  of  expectation  or  suggestion,  conditioning  and  of  inexperience  are 
authenticated  by  laboratory  experiment,  by  the  general  testimony  of  those  who  become 
airsick,  and  by  statistics  ol  sickness  rates  gathered  from  flyers.  It  is  clear  that  these  are 
Important  contributory  factors." 

In  1948  Wendt  was  attempting  to  conect  the  idea  that  airsickness  is  primarily  due  to  fear  but  he 
clearly  included  fear  and  anxiety  as  potentiating  factors,  Wendt  contrastra  flndlngs  of  relationships 
between  personality  traits  and  motion  sickness,  where  both  were  measured  by  questionnaires  with 
relationships  between  personality  questionnaire  measures  and  sickness  as  measured  in  flight  training. 
The  following  partially  summarizes  nis  flndlngs: 

"The  addition  of  all  the  personality  items  predictive  at  the  .25  probability  level  or 
better  to  the  1  per  cent  scoring  key  served  to  raise  the  correlation  U  tween  questionnaire 
scores  and  the  airsickness  scores  only  from  4-.43  to  ‘f  .45.  From  the.se  data  we  conclude 
that  airsickness  was  to  only  a  slight  degree  associated  with  such  personality  traits  as  were 
measured  by  our  questionnaire.^  (Wendt,  1948,  p.28). 

Wendt  clearlv  Includes  several  psychological  factors  as  potentiators  of  oirslckneii.  In  this 
connection  the  simple  preventive  measure  of  an  introductory  lecture,  explaining  airsickness  to  flight 


students  Just  prior  to  commencement  of  flight  trsinins,  seems  to  provide  a  substantial  decline  in  the 
incidence  of  subsequent  airsickness  (Roth  and  Rupert,  1991). 

Perceptual  Style 

Much  of  the  interest  in  perceptual  style  and  its  relation  to  motion  sickness  stems  from  the  work  of 
Witkin  (1949-1950)  whose  studies  of  spatial  orientation  seemed  to  reveal  two  classes  of  people,  those 
who;:e  perception  of  the  verticality  of  a  line  seemed  to  be  controlled  by  surrounding  visual  framework 
and  those  whose  perceptions  were  more  cotitrolled  by  body  cues  to  that  judgements  could  be  made 
independently  of  the  surrounding  visual  framework.  The  former  were  referred  to  as  fleld-depedent 
(meaning  visual-field-dependent)  and  the  latter  were  referred  to  as  field-independent.  Observations  were 
carried  out  in  a  variety  of  conditions  wherein  a  rod,  pivoted  at  its  center,  was  manipulated  to  apparent 
verticality  while  the  rod  itself  was  centered  in  a  tiited  square  frame  or  in  a  tilted  room.  Sul^ects  were 
either  seated  upright  or  tilted  relative  to  gravity  ormlative  to  the  resultant  force  while  enclosed  in  a  room 
which  could  be  lilted  relative  to  gravity  or  to  the  resultant  force  (generated  by  a  centrifuge).  The 
pronounced  individual  differences  seemed  to  be  enduring  characteristres  as  indicated  by  high  test-retest 
reliability,  for  both  men  and  women,  on  the  order  of  0.87,  with  a  year  intervening  between  tests. 

Wilkin  found  marked  sex  differences,  women  being  exceptionally  field-dependent,  and  men 
tending  to  be  fleld-indnpendent.  This  parallels  differences  in  motion  sickness  susceptibility  of  men  and 
women.  He  then  correlated  Rod  and  Frame  Test  (RPT)  scores  with  a  variety  of  non-orientation 
perception  tests.  Significant  correlations  led  to  the  conclusion  that  particular  modes  of  perception 
Represents  a  deep-seated  characteristic  of  the  individual."  Proceeding  on,  Witkin  (1950)  examined 
relationships  between  the  RFT  and  a  broad  range  of  personality  tens,  concluding  that  there  is  an  intimate 
relationship  between  perceptual  style  and  the  basic  personality  structure  of  the  Individual.  Potentially 
relevant  to  motion  sickness  susceptibility  was  the  conclusion  that  those  who  depend  upon  visual 
experience  in  their  perception  of  the  upright  tend  to  be  characterized  by  passivity  and  anxiety,  lack  of 
self-awareness  and  inability  to  organize  coping  responses  (along  with  other  seemingly  undesirable  traits) 
whereas  field-independent  (PI)  people,  "who  rely  mainly  on  postural  experiences”,  tend  toward 
self-nssuiedness,  activity,  8el^Bwareness  and  body-confidence. 

These  remarkable  conclusions  have  led  to  investigations  of  the  relations  between  percwtual  style 
and  motion  sickness  susceptibility,  a  number  of  which,  as  tabulated  by  Kennedy  el.  at.  (1990),  yield 
significant  correlation  with  motion  sickness  scores  but  the  findings  are  not  consistent.  Reevaluntion  by 
Frank  and  Casali  (1986)  suggests  relationship  between  field-dependence  and  motion  sickness 
susceptibility.  The  spatial  model  In  Figure  2  may  be  subject  to  some  "deep  seated  characteristics  of  the 
individual." 

The  following  differences  between  studies  probably  generate  apparent  inconsistency  in  results 
between  studies  of  relationship  between  field  dependence  (FD)  and  MSS:  1)  Studies  that  Involve  only 
subjects  with  minor  differences  in  FD.  2)  Studies  that  involve  only  selected  extremes  in  FI/FD.  3) 
Studies  that  involve  provocative  stimuli  that  are  minimally  provocative.  4)  Studies  that  use  sdmull  that 
ore  immediately  highly  provocative.  5)  Studies  that  differ  considerably  in  the  quailtative  aspects  of  the 
provocative  stiniuli.  To  Ignore  the  qualitative  aspects  of  provocative  stimuli  seems  unwise  when 
.scorching  for  personality  correlates.  Ine  least  attractive  possiDillty  to  those  pursuing  this  area  is  that  the 
idea  should  be  discorded. 

Continued  exploration  in  this  area  may  be  fruitful  particularly  if  interdisciplinary  teams  are 
involved  that  include  members  with  substantial  backgrounds  in  each  of  several  key  physics  of  motion 
stimulus  areas  viz.,  motion  stimuli,  motion  sickness,  vestibular  function,  perception  and  personality. 
Individual  differences  in  the  ^namics  of  the  response  to  some  motion  stimuli  are  very  Impressive. 
During  deceleration  from  a  3  Oi  centrifuge  run,  the  otolith  system  can  be  stimulated  so  that  it  signals 
essentially  upright  posture  relative  to  tlie  e^  while  the  semicurcular  canals  signal  high-velocity  forward- 
tumble  (Quedry  and  Oman,  1990).  With  suldects  in  complete  darkness,  a  typical  perception  Is  that  the 
bcxly  pitches  forward  to  approximately  a  90  degree  nose-down  position  where  it  remains  despite  a 
persisting  paradoxical  and  confusing  forward  tumble  angulor  velocity  that  Is  superimposed.  It  is  as 
though  the  canal-mediated  angular  velocity  signal  can  Induce  only  so  much  distortion  of  the  otollth- 
mediated  angular  position  perception.  However  this  typical  perception  is  not  the  onlyjperception  because 
a  few  subjects  report  heaa-over-heals  tumbling  during  this  same  stimulus,  as  though  their  otolith  (and 
proprioceptor)  position  information  were  completely  overcome  by  the  canal  inrnrmation.  Howard 
(1990),  who  has  excellent  “Pitch- vection”  research  devices  has  indicated  similar  individual  differences  - 
most  subjects  seated  upright  relative  to  gravity,  can  be  displaced  in  perceived  pitch  position  relative  to 


gravity  only  so  far,  u.,  43  degrees,  by  visual  pitch  vection,  but  a  few  experience  pitch  tumble  through 
several  re  volutions.  Exploration  of  relations  of  these  in^vidual  differences  in  relation  to  adapution  to  me 
aviation  environment  and  particularly  the  aerospace  environment  may  prove  Interesting. 

Sex  DifToences 

A  consistent  finding  is  that  women  are  more  suseeptlble  than  men  to  motion  sickness  (Monw, 
1970,  Reason  and  Brand,  1973,  Lenta  and  Collins,  1977),  recently  confirmed  by  Lawther  and  ariffln 
(1987,  p.986)  for  ship  motion  (sea*golng  ferries).  Incidence  in  women  appears  to  be  heiahtened  near  to 
menttjiruation  and  during  pregnancy,  suggesting  a  hormonal  factor  (Reason  and  Brand,  1973)  In  motion 
sickness. 

Considering  the  recent  increased  interest  among  women  in  physical  fitness  conditioning  and  in 
contilderlng  aviation  u  a  career,  it  would  be  Interesting  to  determine  sickness  incidence  among  women 
according  to  physical  fltneu  level.  Several  recent  studws  have  suggested  that  exceptional  aerobic  fitness 
in  men  increases  susceptibility  to  motion  sickness,  possibly  due  to  normonai  changes  (Banta  etal..  1987, 
l^/hlnnetv  and  Purnell,  1987,  Cheung,  et  al..  1990).  If  extreme  fitness  in  women  has  hormonal  effec  ts 
what  will  be  the  effects  of  exceptional  flmess  in  women  on  motion  alckness  ausceptibllity? 

Motion  History 

Every  aspect  of  the  vestlbular-mediated  physiological  reaction  to  motion  seems  to  be  modifiable 
by  previous  experience  and  it  has  even  been  suggested  that  the  physical  reaction  to  accelerative  forces  of 
the  vestibular  transducer  may  be  modified  ^  changes  In  stiffness  of  the  cilia  in  the  transducers  (cupulae 
and  otolithic  maculae)  through  vestibular  efferent  control,  a  mechanism  that  is  reasonably  established  for 
auditory  outer  hair  cells  but  doubtful  for  vesilbular  hair  cells.  The  modifiability  of  responses  by 
experience  tends  to  cloud  detection  of  enduring  idiosyncratic  responses  because  responses  of  individuals 
can  be  changed  and  the  changes  can  be  long  lasting  (Reason  and  Diaz,  1972).  As  indicated  earlier,  the 
motion  environments  that  constitute  an  individuars  motion  history  are  also,  to  some  degree,  determined 
by  the  individual's  personality.  The  environments  entered,  and  the  activities  in  the  environment  are 
partially  determined  by  the  personality  of  the  individual.  Thus  exposure  history  and  personality  are 
Intertwined  in  the  current  state  of  the  individual. 

A  number  of  questionnaires  have  been  developed  in  efforts  to  obtain  quantitative  as  well  as 

aualitative  information  for  motion  histoiy  and  motion  sickness  history;  see  reviews  by  Reason  and 
rand,  (1973),  Kennedy  etal..  (199C),  Collins  and  Lentz,  (1977).  Many  questionnaires  were  developed 
In  pursuit  of  the  idea  that  motion  history  reveals  perceptual>motor  and  autonomic-response  ndmtntlon 
opportunity  and  sickness  history  reveals  idlosyncntio  sickness  susceptibility.  Another  idea  (Prewitt, 
1973)  is  that  the  Individual's  motion  exposure  history,  particularly  early  in  life,  has  been  critical  In 
development  of  many  enduring  characteristics  including  personality  characteristics. 

In  early  Infancy,  motion  is  predominantly  passive,  and  its  quantity  and 
quality  depend  on  the  exigencies  of  life.  The  possioillty  that  early  differences  In 
exposure  to  motion  might  have  developmental  implications  hat  been  a  matter  of 
substantial  interest  recently  (Peto,  1970;  Ornitz,  1970;  Prescott,  1971; 

Ouedry,  1972),  although  the  idea  ...  is  not  new  (Petersen  and  Rainey,  1910). 

There  are  several  basic  ideas  which  can  be  considered  in  this  connection:  (1) 

Deprivation  of  passive  motion  early  in  life  may  prevent  nomtal  neurological 
developmrnt  of  motion  control  systems.  The  effects  of  senson  deprivation  on 
neurological  systems  such  ss  thr  visual  system  (Kolata,  1973;  Oreenough, 

1972)  could  be  expected  to  apply  to  this  system  as  well,  considering  Its  close 
interrelation  with  both  the  visual  system  and  motor  systems.  (2)  The  quall^  of 
early  handling  might  condition  idiosyncratic  arousal  reactions  to  motion  which 
in  turn  could  influence  neurobiological  and  bshavloral  development.  (3) 

Differences  in  development  of  skilled  control  of  motion  could  influence  many 
aspects  of  human  behavior, 

...  it  hu  been  indicated  that  passive,  gentle  oscillation  of  premature 
infants  improves  general  motor  maturation,  visual  fixation  and  ptirsuit,  and  in 
general,  overall  health  (Neat,  196^.  A  series  of  studies  (Komer  and  Thomen, 

1972;  Pederson  and  ter  VrughL  1973;  Pomerieau-Malcuit  and  Clifton,  1973) 
offer  general  support  for  these  findings  and  suggest  that  regimens  of  vestibular 
stimulation  in  early  lllb  may  have  more  developmental  significance  than  special 
regimens  of  auditory  or  cutaneous  stimulation.  The  possibility  that  reading 
disabilities  and  some  psychiatric  disorders  may  Involve  anomalies  in 
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vestibulocerebellar  development  has  also  been  indicated  (Frank  and  Levinson, 

1973;  Holzman  ei  al.,  Hallplke  sLftL.  >951)  but  not  without  some  controversy 
(Siockwell  ciaLt  1976).  The  stereotyped  rucking  behavior  of  psychiatric  cases 
and  of  monkeys  in  sensory  deprivation  experiments  and  the  instability  and 
"swimming  feelings"  reported  by  mentally  disturbed  individuals  have  been  cited 
as  evidence  supporting  the  general  idea  that  deficiencies  in  equilibration 
systems,  either  genetically  or  environmentally  detennlned,  may  somehow  be 
involved  in  the  etiology  of  behavioral  disturbances.  While  a  range  of  evidence 
can  be  adduced  in  support  of  these  theoretical  positions,  more  specific 
hypotheses  and  neuroblologlcal  experiments  relevant  to  these  are  needed." 

(Ouedry  and  Correia  1978). 

The  topic  of  motion  sickness  susceptibility  in  relation  to  behavioral  deviation  and  psychiatric 
categories  is  being  studied  by  Mirabile  (1990)  whose  views  reflect  those  of  Witkin.  Witkin  found 
tendency  for  shiftiln  field-dependence  with  age,  and  fiorn  evaluation  of  perceptual  styles  of  young  adults 
in  relation  to  a  battery  of  personality  test,  he  concluded  that  those  who  are  Intermediate  between  extremes 
of  Field-dependence  and  Field-independence  tend  to  be  belter  adjusted  than  those  who  are  at  either 
extreme  (witkin  1930).  Thus,  gow  personality  adjustment  it  not  associated  with  either  extreme, 
according  to  Witkin,  but  this  seems  at  odds  with  some  of  the  recent  findings  of  Mirabile,  (1990) 
concerning  motion  sickness  in  psychiatric  populations. 

SUMMARY  OF  FACTORS  IN  MSS 

Several  factors,  proposed  by  several  authors,  are  summarized  in  Figure  3,  along  with  indication 
of  how  they  might  internet  with  components  of  the  conceptual  model.  History  of  motion,  from  nature 
and  nurture  perspective,  is  shown  influencing  idloBynorailc  receptivity,  perceptual  style,  autonomic 
control  and  hormonal  state.  Receptivity,  the  idea  (Reason,  1967a)  of  idlosynoraiic  tendencies  that 
augment  or  diminish  all  sensory  inflow,  la  shown  influencing  the  gain  of  reactivity  state  which  is  also 
adfusied  for  gain  and  response  pattern  through  perceptual-motor  adaptation,  Perceptual  itvie  Influences 
the  spatial  model  which  now  includes  mlssmatch  meisment  (perceived  tumble  relative  to  the  earth  may 
not  violate  the  motion  control  imperative  of  some  individuals).  Control  of  autonomic  reactions  has  been 
preconditioned  and  can  be  further  altered  through  adaptation  procedures  such  as  APT.  The  hormonal 
slite  Is  also  subject  to  nature/nurture  history,  Tor  example  aerobic  conditioning  (discussed  below). 
Hormonal  state  modifies  the  neuroohemical  link.  Arousal  from  vestibular  mlssmatch  (Intravestlbular, 
veitibular/visual,  veadbular/proprloceptor)  remains  a  focal  point  for  both  the  pathway  to  perceptual-motor 
adjustment  and  the  link  to  the  sickness  syndrome.  Autonomic  control  Influences  autonomic  arousal  flom 
vestibular  mlssmatch  which  together  with  hormonal  stale  influences  the  nourochemlcal  link. 
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Figure  3.  A  summary  of  proposed  fiotors  with  indiedon  of  possible  interactions. 


Figure  3  provides  a  convenient  overview  of  suspected  factors  in  MSS,  some  more  understood 
than  others,  and  serves  to  Illustrate  the  complexity  of  prralctlng  MSS.  Much  more  speoiflclty  is  needed 
for  this  conceptualization  to  become  a  true  model,  testable  by  experimental  observation.  For  example 
function  of  the  hormonal  component  (Kohl,  1990)  must  fit  with  current  information  on  anti-motion 
sickness  medication  (Wood,  19W).  As  indicated  at  the  beginning  of  the  earlier  chapter  (Ouedry,  1991), 
the  mechanistns  of  motion  sickness  challenge  the  entire  scope  of  neuroscience  disciplines  and  all  levels  of 
neurosclences  an  challenged  by  and  must  be  used  to  challenge  any  conceptual  model  developed. 

FACTORS  THAT  ALTER  POPULATION  INCIDENCE 

Other  than  adaptadon  and  idiosyncradc  factors,  a  number  of  faoton  and  condidons  influence  how 
much  sickness  occurs  in  a  provocative  modon  environment  and  whether  or  not  individuals  in  that 
environment  will  experience  modon  sickness. 

If  the  Job  of  the  individual  permits,  selecting  a  location  within  the  motion  platform  may  serve  to 
reduce  or  avoid  sickness,  The  magnitude  of  linear  accelerations  experienced  varies  with  location  within  a 
ship  or  large  aircraft.  When  the  entire  ship  or  aircraft  rises  or  falls,  location  makes  no  difference  but 
tangential  and  centripetal  linear  acceleration  components  increase  in  magnitude  with  distance  away  from 
the  center  of  any  angular  motion  such  as  pitch  or  roll. 

Supine  body  position  Is  effective  in  altering  sickness  incidence  (Manning  and  Stewart,  1942, 
1949,  Reason  and  Brand,  1973,  p.94).  Even  the  very  disturbing  effects  of  deceleration  from  a  Hyper-O 
centrifuge  run  are  reduced  when  subjects  are  supine  (Leaer,  1984)  for  reasons  not  completely 
understtm,  When  in  the  supine  position  it  is  probably  helpful  to  locate  the  horizontal  semi  circular 
canals  In  the  plane  of  maximal  angular  velocity  of  the  platform  (usually  the  roll  plane  of  a  ship),  as  the 
vertical  canals  seem  more  productive  of  sickness  (Benson  and  Ouedry,  1971). 

Fixing  the  head  and  body  relative  to  the  motion  platform  Is  helpful  In  reducing  sickness  (Johnson 
et  al..  1931, 1933).  While  this  point  has  been  challenged,  there  is  no  Question  about  its  effectiveness  In 
some  motion  environments,  such  as  rotating  rooms,  or  continually  circling  aircraft  or  during  Earth-orbit. 
Head-rest  fixation  is  helpful  in  avoiding  inadvertent  head  movements  that  occur;  even  heavy  breathing 
induces  Inadvertant  head motion.  Frequent  head  movement  relative  to  any  moving  platform  increases  the 
probability  of  discrepant  otolithic  (Hyper-Q,  Hypo-0)  effects  and  cross-coupled  angular  velocity 
semicircular  canal  effects,  all  of  which  are  nauseogenic. 

Location  on  ship  can  also  reduce  nauseogenic  odors.  Anyone  who  has  been  on  a  ship  driven  by 
diesel  engines  during  a  following  sea  will  recall  the  efforts  of  experienced  crew  to  find  locutions  away 
from  the  diesel  fumes  that  tend  to  envelope  the  ship  when  prevailing  winds  are  from  the  stem,  Money 
(1970)  provides  a  convenient  summary  on  effects  of  odors.  Reference  numbers  In  the  following  are 
those  or  Money  (1970): 

“Tobacco  smoke,  unpleasant  odors,  and  even  food  odors  have  been  considered  to 
be  promoters  of  motion  sickness  (12,  39,  30,  34),  and  since  motion  sickness  occurs 
more  readily  In  the  presence  of  nauseating  drugs  (22, 34, 240, 249),  It  seems  reasonable 
to  expect  that  it  would  occur  more  readily  in  the  presence  of  a  nauseating  odor.  Odors 
associated  with  previous  bouts  of  motion  sickness  sometimes  promote  motion  sickness 
very  effectively  (233).  It  has  been  reported  that  the  odor  of  pyridine  promotes  motion 
sickness  and,  suiprisingly,  that  the  odor  of  toluol  suppresses  motion  sickness  (302).“ 

Ambient  temperature  has  been  found  noi  to  be  a  contributing  factor  In  the  genesis  of  motion 
sickness  in  a  number  of  formal  studies.  Typically,  in  these  studies,  air  exchange  was  carefully  controlled 
to  avoid  effects  other  than  temperature  (Wood  and  Orayblel,  1970).  My  experience,  in  studying 
vestibular  function  over  the  years,  is  that  when  ambient  tem^rature  In  the  chamber  or  capsule  containing 
the  subject  is  uncomfortably  high,  Incidence  of  sickness  increases  in  vestibular  experiments  not  intended 
to  study  motion  sickness.  Possibly  odors  associated  with  increased  temperature  ate  the  predisposing 
factor.  The  following  quotation  fiom  Money  (1970)  Is  consistent  with  this  Inteipretation: 

"The  time  of  day  and  the  Interval  since  eating  a  meal  have  been  found  to  have  no 
Influence  on  average  susceptibility  (6, 27, 3.1, 192),  except  in  one  study  (91)  in  which 
the  incidence  of  severe  sickness  increased  with  time  after  the  last  meal  to  t  maximum  at  3 
hr  and. decreased.  Ambient  air  temperature  has  been  found  repeatedly  not  to  influence 
susceptibility  (73,  133,  132, 133,  I92,  309),  although  persons  suffering  from  motion 
sickness  ftequently  express  a  desire  for  mnl  ftesh  air,  and  manv  susceptible  persons 


consider  excessive  heat  a  contributing  factor  (SO).  It  is  possible  that  the  odors  that 
accompany  high  temperaturei  in  some  aituatlons  promote  motion  ilcknesa.” 

Visual  conditions  Influence  sickness  induced  by  particular  motion  environments.  A  view  of  the 
horizon  from  the  deck  of  a  ship  can  Influence  interaction  within  the  brainstem  that  lessens 
intralabyrinthine  conflict  that  would  otherwise  reauire  resolution  by  higher  centers  (Ouedry,  1978). 
Vestibular  reflexes  that  stabilize  the  eyes  reladve  to  the  earth  only  potentiate  sickness  when  the  individual 
Is  enclosed  within  a  ship  or  aiierafl.  Closing  the  eyes  can  reduce  this  potentiating  effect. 

The  layout  of  visual  displays  and  the  visual  search  task  within  visual  displays  also  influence 
sickness  Incidence.  Displays  that  demand  frequent  and  large  head-movements  would  imtentiate  sickness. 
Several  studies  show  that  tasks  that  require  visual  search  within  a  cluttered  display  potentiate  sickness 
(Ouedry ,j:LaL  1982)  even  when  the  head  is  fixed  relative  to  the  motion  platform  and  the  display.  In 
modon-based  simulators  It  is  possible  that  peripheral  visual  motion  Itnproperly  phased  to  vestibular  Input 
will^otentiate  sickness  when  the  task  demands  focused  attention  on  cockpit  displays  (Ouedry,  et  al.. 


The  task  of  the  individual  in  the  motion  environment  not  only  affects  the  rate  and  form  of 
adapiadon  to  the  environment  but  it  also  Influences  sickness  suscepdbllity  in  the  environment.  Mentally 
dwelling  on  motion  sickness  symptoms  or  envisioning  motion  of  the  body  In  space  seems  to  potentiate 
sickness,  whereas,  mental  Involvement  in  an  interesting  task  has  preventive  effects,  if  the  task  does  not 
Involve  a  nauseogenic  visual  display  (Reason  and  Brand,  1975,  pp.  71-73). 

A  number  of  personal  factors  influence  susceptibility  to  motion  sickness.  Age  which 
unfortunately  is  beyond  our  control  is  a  factor  In  modon  sickness  suscepdbility.  It  has  been  reported  that 
motion  sickness  is  rare  before  the  age  of  two  years,  that  it  Increases  to  a  maximum  by  about  the  age  of 
12,  declines  between  12  and  21  and  declines  still  further  before  the  age  40  years  (Reason  and  Brand, 
1975  p.87).  Beyond  the  age  of  50,  motion  sickness  was  reported  to  be  rare  in  civil  aircraft  (Lederer  and 
Kidera,  1954)  but  Lawther  and  Orlffln  (1986)  reported  that  22%  of  those  suffering  from  sickness  on 
Channel  Island  ferry  crossings  were  over  the  age  of  59  years.  Age  does  not  confer  immunity  to  highly 
provocative  motions,  but  declining  incidence  urith  advanclnB  age  may  be  related  to  declining  vestibuliu* 
afferent  Information  with  advancing  age.  Lawther  and  Orifnn  (1987)  use  different  values  for  constants 
In  their  equadon  for  prediedng  sickness  incidence,  depending  u^n  the  age  as  well  as  sex  of  the  subjects 
Uiat  moke  up  the  group. 

Other  predisposing  factors  that  have  been  indicated  are  fatigue,  alcohol  (and  of  course  a  variety  of 
drugs)  and  emotional  state.  Dowd  ( 1975)  found  evidence  that  sleep  deprivation  altered  the  vestibulo- 
ocuTar  reflex  to  the  provocative  cross-coupled  stimulus  and  theorized  that  fatigue  reduced  the  motion- 
sickness  suppression  that  pilots  had  achieved  through  flight  experience  thereby  rendering  them  more 
susceptible  to  the  cross-coupled  stimulus.  Clearly  more  information  is  needed  in  this  potentially 
Important,  but  difficult  to  study,  area.  Consider  the  problems  encountered  in  finding  experienced  pilots 
who  will  agree  to  congregate  for  the  study  the  effects  of  their  sleep  loss  on  their  tolerance  of  purposely 
provocative  modon  •  on  important  consideradon  for  those  Interesteo  In  conduodng  research  in  this  topic. 

MYSTERIOUS  VISITATIONS  AND  A  GENERAL  PRUDENTIAL  RULE 

Anyone  who  has  worked  In  motion  research  for  a  number  of  ymrs  becomes  personally  aware  of 
occasional  heightened  susceptibility  to  motion  exposure  in  laborstory  devices.  Reasons  for  these 
variations  ore  not  clear.  It  is  natural  to  suspect  that  immediate  motion  sickness  susceptibility  would  be 
influenced  by  condidons  and  actividcs  that  induce  some  of  the  many  of  the  signs  and  effects  (hat  are  part 
of  the  motion  sickness  syndrome.  These  signs  and  symptoms  as  described  by  Benson  (1988),  are  listed 
at  the  end  of  the  chapter  on  Mechanisms  of  Motion  Sickness.  Undl  specific  studies  have  been  conducted 
to  show  that  conditions  that  induce  headache,  etc,  are  not  effective  in  potentiating  motion  sickness 
susceptibility,  a  general  prudendal  rule  Is  to  avoid  conditions  that  produce  symptoms  like  those  that  are 
part  of  the  motion  sickness  symdrome.  Because  of  the  difficulty  in  conducting  studies  of  motion 
sickness  with  human  subjects,  prudendal  rules  will  have  to  suffice  In  a  number  of  areas  for  some  time. 

In  closing  this  chapter,  I  wish  to  call  the  reader's  attention  to  the  very  substantial  work  that  was 
carried  on  in  this  field  In  Canada,  England,  the  United  States,  atid  Australia  in  the  period  between  1940 
and  1965.  Much  of  this  work  Is  referenced  in  Money  (1970),  and  Reason  and  Brand  (1975).  Intensive 
ond  extensive  gtudy  in  those  years  forms  much  of  our  knowledge  base  for  today. 
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ABSTRACT 

Motion  aloknaaa  in  apaoaflijht  oeourrad  only  raraly  in  tha  aarllaat  apaca  (llghta 
In  amall  oapaulaa,  but  in  tha  largar  Spaoa  Shuttla  tha  incldanca  la  fully  70%, 
Apparantly,  in  largar  apaoaoraft  tha  raqulramant  to  maka  haad  movamahta  and  body 
movamants  In  waightlaainaaa  inoraaaaa  tha  likallhood  of  apaca  aiaHnaaa,  Typically, 
aftar  Ita  appaaranoa  in  tha  flrat  day  of  a  apaeatlight,  apaoa  aloknaaa  la  mada  woraa  by 
haad  movamanta  and  by  dlaorlantation,  and  it  la  amalloratad  by  rarainlng  motlonlaaa, 

Tha  auffarar  gata  battar  slowly  and  usually  is  antlraly  wall  aftar  thrss  days,  Anti- 
motion  aieknaaa  drugs  hava  baan  ussful  in  daallng  with  apaca  alcknaaa  and  blotaadback 
taohiiiquaa  might  ba  halpful,  but  attampta  to  pradiut  auacaptlbillty  (axoapt  by  aaaaaalng 
ausoaptlblllty  on  pravlous  spaoaf llghta)  hava  not  baan  auoeaaaful, 

INCIDENCE  or  SPACE  SICKNESS 

Motion  aioknaaa  did  not  occur  In  tha  first  Amariean  apaeafllghta,  probably 
baoauaa  tha  apacaoraft  wars  vary  small,  Only  whan  largar  apaoacraft  wara  uaad,  and  whan 
tha  aatronauta*  jobs  raquirad  tham  to  mova  about  in  walghtlsaanaas,  did  apaoa  nation 
aieknaaa  appaar  in  tha  Amarietn  program,  (it  la  aaid,  howavar,  that  on  tha  aaoond 
Soviat  spaoaflight,  in  tha  amall  Voatok  apacaeraft,  violant  motion  aloknaaa  was 
ancountarad) •  '^a  Incldanca  of  spaoa  motion  aloknaas  la  shown  in  Tabla  1,  takan  from 

Homlok  and  Vandarploag  (7), 

Tabla  1, 

^INCIDENCE  OP  SPACE  MOTION  SICKNESS  IN  U,B.  AND  U.8.B,R.  SPACE  MISSIONS  (a) 

Unitad  Stataa  (ta  of  oetobar  issa) 


Program 

Numbar  of  Crewman  (b) 

inoldsnoa  of  Motion  Sioknaas 

Haroury 

6 

0 

oaminl 

20 

0 

Apollo 

33 

11 

Skylab 

9 

i 

ASTP 

3 

0 

Shuttla 

46 

3S 

Soviat  Union  las  of  1981) 


Program  Numbar  of  Crawman  (b)  Inoidanea  of  Motion  Blcknasa 


Voatok 

6 

1 

Vaikhod 

s 

3 

Soyua 

36 

21 

ASTP 

3 

3 

Salyut  9 

6 

2 

Salyut  % 

27 

13 

Tha  incidanoa  of  apaoa  notion  aloknaaa  In  tha  Shuttla  as  of  19BB,  oonsldarlng 
flights  by  13S  astronauts,  91  Individuals  soma  of  who  flaw  mors  than  ones  (23)  in  tha 
flrat  34  Shuttla  'flighta,  la  71%  (6). 

SPACE  SICKNESS  18  MOTION  SICKNESS 


Motion  sioknaas  In  spaoa  apparantly,  motion  sloknasa,  although  In  apaoa  thara 
is  no  swaatlng,  flushing  is  mora  oommon  than  pallor,  tha  vomiting  haa  baan  dasoribsd  as 
"briaf  and  ".usually  suddan  ,,.  without  nauaaa  or  other  prodroma”,  and  aftar  3  days  or 
so  whan  tha  aloknass  dlsappaars  thara  la  a  paouliar  nonsusoaptibillty  to  avan  tha  moat 
nauaaoganio  (Coriolis)  aocalstatians  (9,24).  It  ia  poasibla  that  tha  raportad 
nonausosptlbillty  to  Coriolis  aoealarttiont  rssultsd  from  tha  lack  of  a  rataranca  "down" 


*(a)  Rsports  of  ona  or  mora  symptoms  of  apaoa  motion  aloknass  ara  includsd.  Ho  attampt 
was  mada  to  oatagorlaa  by  aavarlty  of  symptoms. 

(b)  Inoludsa  soma  erawnsn  who  flaw  mors  than  onoa.  Tabla  takan  from  Homlok  and 
Vandarploag  (7). 
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ill  ripar.of  1  Ujlit,  or  from  r.ho  nina  1  I  mjmbor  of  iixporlmoiital  uiibjoGta  situdLc-l,  hut  the 

Soviets  also  mantlon.  aa  a  "peculiarity",  that  once  the  habituation  to  space  motion 
olcKneae  la  complete,  there  la  than  a  "clearly  ilaflnad  hichar  reelatance  to  cumulative 
vestibular  loads"  (1).  In  Soviet  cosmonauta,  unlike  American  astronauts,  nausea  Is 
listed  aa  a  "typical"  complaint  (1,12).  In  the  motlon-slck  cosmonauts,  pallor  and  cold 
sweating  are  "typical"  signs  according  to  one  report  (12),  but  in  another  report  pallor 
and  cold  sweating  sweating  wars  omitted  from  the  list  of  "typical"  signs  but  were 
reported  to  be  present  "in  a  number  of  cases”  (1),  In  both  ths  American  snd  Soviet 
cxporiencs,  vomiting  Is  usually  followed  by  an  improvement  in  ths  condltlon(at  least  for 
a  while) . 

hUtlON  BICKNKSS  IS  A  POISON  RSBPONSE 

In  motion  sickness  ths  body  behaves  as  If  it  had  bean  poiaonsd  (6,13),  Motion 
alcknaas  la  a  poison  raaponae  provoked  by  motion.  Mora  epael flcelly,  motion  elcknuss  is 
a  poison  raiponse  provoked  by  motion  acting  (directly  or  Indirectly)  on  the  vestibular 
syetem  (14),  There  is  now  svidsncs  that  ths  vsatibulsr  eystsm  is  Involvad  net  only  In 
the  poison  rstponts  of  motion  sicknsss,  but  slso  In  ths  poison  rssponss  to  csrtsln 
poisons.  Bxparlmantal  animals  wars  found  to  ba  strikingly  defaotlvt  in  thslr  rsaponsa 
to  polaoni  sftar  surgical  ramovai  of  the  vastibular  apparatus  (IS).  This  ihvolvsmant  of 
ths  vastibular  ayatsm  in  poison  response  was  hypothealsed  by  Claremont  (4)  and  by 
Tralaman  (3S).  of  course,  those  humans  or  animals  w)ia  ars  lacking  vastibular  function 
ars  alto  complstaiy  nonsusesptibla  to  all  forms  of  motion  alcknaas  that  have  bath  triad 
on  thsm,  A  racent  study  of  )abyrlnthiita-da(sotiva  humans  found  thtm  to  be  sntlrsiy 
nonsuacaptibls  svtn  in  raiponas  to  a  purely  visual  motion  tlckneaa 'stimulus  (3).  Motion 
sickness  is  a  poison  rssponss  provoked  by  motion  acting  on  ths  vastibular  syatam. 

Tim  PECULIAR  HONSUBCBPTIBILITY  AMD  LONO-TERM  SPACEPLIGHT 

It  is  important  to  nets  what  fcllowi  logically  from  the  obaarvsd  peculiar 
nonauscsptibillty  to  ths  aioknssa  in  rssponss  to  Coriolis  scoelaratlona  in  ipacsfllght. 
To  the  extant  that  avsiiabls  avidanct  lupports  oonolutlona,  this  nonausosptlblllty 
auggssta  (hints)  that  s  rotating  apaoaoraft  oould  be  used  for  long'tarm  apaaiflight 
without  asriout  vaitibular/motion  aioknass  complications.  On  the  basis  of  the  (sparse) 
svidsncs  avsiiabls,  it  might  bs  antloipatsd  that  rotations  starting  sftar  a  week  or  so 
of  aptesfUght  would  causa  no  motion  sickness  problam.  Rotation  could  of  oouraa  stop 
for  short  periods  during  a  long  flight,  and  for  a  wask  or  so  bsfort  landing  to  allow 
rssdaptatlon  to  a  nonrotating  anvironmant.  At  least  it  can  ba  said  that,  as  of  now,  it 
would  be  prsmsturs  to  rule  out  ths  use  at  rotating  spacaoraft  bacausa  of  anticipated 
vsstlbular/mctlon  sicknsss  problama.  It  might  be  that  no  such  probltma  asist,  Dtfoia 
launching  a  rotating  spaoaoraft  on  a  long  flight,  howsvsr,  further  inflight 
axperlmentatlon  oould  be  required  to  tee  whetlier  the  noneuseeptibllity  or  ability  to 
adapt  could  hold  in  spits  of  ths  vsrlsbls-strsngth  "down"  (the  Itnaar  soosliration) 
produced  by  ths  rotation,  Esrlisr  sxpsrlmsntatlon  In  slow  rotating  rooms  (including 
walking  on  ths  walls)  suggests  that  any  problama  aneountsrsd  would  be  readily  ovsreoms 
by  habituation. 

TDK  SEVERITY  OF  SPACE  SICKNESS 

Thsrs  is  little  dstali  avsiiabls  concerning  the  severity  of  specs  motion 
sickness,  one  anslysi  i  (Davis  at  si,  unpublished  data  cltsd  in  rsf  23)  of  97  Shuttls 
astronauts  who  axpirlaiiced  motion  sickness  In  spaceflight,  describes  461  of  ths  sick 
astronauts  (26  astronauts)  as  mildly  sick,  391  (20  astronauts )  as  modsrstely  sick,  and 
191  (11  astronauts)  as  ssversly  sick.  "In  this  rating  seals,  even  those  chsrsotsritsd 
as  mild  could  have  at  least  one  spisods  of  retching  snd  vomiting.  In  ths  savers 
ostsgory,  ths  ersw  person  had  to  sxprsss  ssvsral  symptoms  of  a  persistent  nsturs,  have 
more  than  two  spiaodes  of  retching  and  vomiting,  snd  remain  ill  bayond  72  hours  Into 
flight. "(23)  The  above  numbers  ars  rsssonsbly  accurate,  but  It  should  bs  rsmsmbered 
that,  in  gansral ,  an  astronaut  dosa  not  want  to  ba  known  as  somaone  who  was  sick  in 
■pace  and  it  is  part  of  ths  culture  of  astronauts  to  bs  positive  and  healthy  and 
capable.  If  asked  shout  ths  dsgrss  of  slckneas  being  sxperlencsd,  an  astronaut's 
culture  would  incline  him  to  belisvs  and  to  say  that  ha  was  OK,  and  this  inclination  it 
posaibly  rssponaibls  in  part  for  reports  of  vomiting  in  spaceflight  without  notioesble 
prodromal  aymptomi.  There  Is  even  one  report  of  an  spisods  (9)  in  which  sn  astronaut 
vomited  and  than  got  ths  egreomsnt  of  his  fallow  crewman  that  thsy  would  all  ktsp  ths 
episode  ssorat.  This  cultural  factor  has  parhspa  acted  to  reduce  the  rtportad  Incidanos 
and  eaveclty  of  motion  alcknaas  in  space , 

THE  INFLUENCE  OF  HEAD  HOVEHUNTE 

soma  astronauts  have  skprssssd  ths  opinion  that  tht  itieiJenee  of  apact  motion 
aioknssa  would  be  almost  (although  not  quits)  1001  if  ths  istronauts  had  to  do 
considerable  moving  atx)ut  in  the  specaersft  during  the'^rst  3  deye  of  all 
spsosf lights •  On  soma  shuttls  flights  there  are  some  crewman  whose  jobs  allow  them  to 
remain  atrappad  into  a  laat  for  almost  all  of  the  first  three  days.  Another  influencs 
on  ths  observed  incidanos  of  epsos  motion  sickness  la  the  past  prsetioe  of 
premsdloation I  until  recently,  eome  Shuttle  setronsuts  took  entlmotlon  sloknsee  drugs 
(usually  scopolamine  0i4mg  snd  dsxsdrlne  k.Omg)  before  launch.  (Prenaut  NASA  pulley, 

May  1991,  is  to  refrain  from  prsmsdiostlan  and  to  inject  promsthssins  90  mg  intrs- 
muaoulariy  if  motion  sicknsss  in  flight  it  broublasoms.  This  policy  was  adopted  partly 
for  the  rtsaon  that  antimotion  aiohnsia  drugs  taken  prophylatloslly  can  iropsds  ths 
natural  adaptation  to  the  new  motion  anvironnuint, )  As  a  guaaa,  perhaps  tot  or  ao  of 
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'jnnwdloatad  actronauta  who  wara  obllgad  to  mova  about  and  do  a  lot  of  head  rnovamanta 
during  tha  flrat  thraa  daya  o<  a  apaoaflight  would  ba  uttarly  unaffactad  by  apaoa  motion 
aioknaaa. 

DURATION  OP  SPACE  SICKNESS 

Vfhan  motion  aioknaaa  oooura  In  apaoaflight  It  gradually  gata  battar  but  typloally 
It  paralata  for  two  or  thraa  daya.  Tha  aatronaut  oan  gat  aoma  rallaf  by  taking 
antimotion  aioknaaa  druga,  and  mora  rallaf  oan  ba  galnad  by  ramalnlng  motlonlaaa  (17)> 
Aftar  a  parlod  of  balng  motlonlaaa  tha  aatronaut  atarta  to  faal  battar,  but  whan  ha 
atarta  to  mova  about  again  tha  nauaaa  gata  woraa  again,  and  If  ha  paralata  In  moving, 
vomiting  oan  raault.  Aftar  thraa  or  four  daya,  whan  habituation  la  eomplata,  tha 
aatronaut  la  oomplataly  fraa  of  aymptona  and  oan  mova  about  aa  much  aa  ha  wanta  and  avan 
do  gymnaatloa  without  provoking  any  a^ptoma.  In  ana  Sovlat  eoamonaut,  howavar,  motion 
aioknaaa  In  apaoa  laatad  two  waaka  (although  vomiting  ooourrad  only  during  tha  flrat 
waak)i  thla  aoamontut  alao  axparlanoad  motion  aioknaaa,  including  vomiting,  for  thraa 
daya  attar  raturiilng  to  Earth  (Matanav  E.I.,  paraonal  oommunloatlon ) •  In  'not,  of  tha 
flrat  il  Salyut-6  ooamonauta,  9  autfarad  algnlflcant  aioknaaa  aftar  raturnlng  to  Earth, 
and  B  of  thaaa  9  had  auffarad  aioknaaa  In  apaoa  at  tha  beginning  of  thalr  flighta  (li), 
Tha  aioknaaa  aaanolatad  with  tha  raturn  to  Earth  la  analogoua  to  tha  '  mal  da 
dabarquamant '  axparlanoad  by  aoma  paopla  upon  gattlng  off  a  ihlp,  Ita  ooourranoa  in 
Amarioan  natronauta  haa  parhapa  baan  pravantad  by  tha  ralatlva  bravlty  of  thalr 
apaoafllghta,  and  in  tha  longar  Bkylab  flighta  It  eould  hava  baan  maakad  by  aaaaloknaaa, 
alnoa  tha  Skylab  attronauta  wara  raoovarad  at  aaa,  Evan  ao,  two  oaaaa  of  motion 
aioknaaa  attar  ratur',  to  Barth  hava  baan  raportad  In  tha  Amarioan  program  (331,  and  It 
la  peaalblt  that  motion  aioknaaa  aftar  a  long  flight  oould  appaar  with  dlaatttoua 
raaulta  upon  stamping  onto  Mara,  or  upon  atapplng  onto  Barth  aftar  a  long  flight 
(parhapa  aftar  a  Spaa#  Station  flight). 

PREDICTION  or  SUSCEPTIBILITY 

Avallabla  taats  on  Barth  hava  not  allowad  pradlotlon  of  auaoaptlblllty  to  apaoa 
aioknaaa  (18,31)  although,  alnoa  70%  or  ao  of  paopla  who  fly  In  tha  Bhuttla  do 

axparianoa  apaoa  aioknaaa,  a  pradlotlon  that  all  future  tlyare  will  ba  alok  In  epaoa 

would  be  correct  In  about  701  of  oaaaa,  Thera  la  no  algnlfloant  dlffaranoa  In  tha 

Incldinca  of  aioknaaa  batwaan  man  and  woman,  and  tha  likelihood  of  being  alok  In  apaoa 
doaa  not  corralata  algnlfloantly,  poaitlvaly  or  nogativaly,  with  auaoaptlblllty  to 
motion  aioknaaa  atraaaca  on  Barth  (nor,  probably  doaa  it  corralata  with  tha  amount  of 
tha  right  atuff  poaaaaaad  by  tha  aatronaut). 

MOTIONS  THAT  CAUSE  MOTION  SICKNESS 

Motlena  of  the  body  that  eauaa  aioknata  ara,  at  laaat  uaually,  motlona  that 
axcead  tha  normal  fraquanoy  and/or  magnitude  rengaa  of  tha  vcatibular  raueptera,  bo  that 
aoma  of  tha  vaatlbular  reoaotora  ara  raportlng  falaa  Information  to  tha  breln  In  motion 
aioknaaa  eltuatlona  (33).  Vialon  and  aoma  proprlooaptora  continue  to  report  eorraot 
Information.  In  tuoh  motion  aioknaaa  aituationa  tha  brain  aaya,  in  affact,  'My 
vaatlbular  ayatom  la  giving  ma  filaa  informatloni  tharafora  my  vaatlbular  ayatom  haa 
baan  polaonad  by  aomathlng  I  ata,  and  I  ahould  vomit.'  Motion  aioknata  la  not  a 
alcknaaai  It  it  the  normal  healthy  raaponta  to  poleonlng,  triggered  by  a  atimulua  that 
mtaquaradea  aa  polaonlng. 

In  apaoatllght  thara  art  many  aanaory  Inputa  that  oould  ba  Interpratad  aa  falaa 
information  In  tha  vaatlbular  ayatam.  For  extrapla,  walghtleaa  flight  tha 

vaatlbular  raoaptora  probably  tall  tha  brain  that  tha  body  la  falling,  whareaa  vialon, 
and  cha  duration  of  tha  “fall",  oontradlot  that  vaatlbular  Input,  Thia  falling  varaua 
not  falling  la  poaaibly  tha  moat  Important  provocation  of  apaoa  motion  aioknata.  Alao, 
tha  vaatlbular  raoaptora  tall  tha  brain  that  thera  la  no  down  (no  gravity),  although 
attronauta  uaually  do  paroalve  a  (vlaually  datarmlnad)  down.  Tha  oonfllot  batwaan 
“down"  and  "no  down"  oould  alao  ba  Important  In  apaoa  motion  aioknata,  tapaolally  In 
vlaw  of  tha  poaalblllty  (U)  that  paopla  Who  maintain  tha  logletl  viaual  indioBtion  at 
tha  parcalved  down  (inataad  of  taking  tha  “faat  are  down"  paroaptlon  art  the  onaa  more 
■UBcaptibla  to  apaoa  motion  aiokneat.  The  vaatlbular  raoaptora  alao  tall  the  brain  that 
haad  tllta  ralatlva  to  a  paroelvad  down  have  taken  plaoe  (aoeordlng  to  the  aamlolrouiar 
canala)  but  have  not  taken  place  (aooordlng  to  tha  otolltha),  aa  Banaon  haa  pointad  out 
(3).  It  la  aaldoffl  oonaldarod,  but  atatle  haad  tllta  ralatlve  to  tha  down  dlractien  art 
normally  (on  Earth)  raportad  by  ntok  proprlooaptora,  and  tha  tbuanoa  of  gravity 'a  pull 
on  tha  haad  In  oartain  tlltad  haad  poaturaa  in  apaoaflight  oould  wall  ba  an  Important 
contributor  to  apace  aioknaaa.  It  haa  baan  ahown  on  Earth  that  motion  aetlng  on 
proprlooaptora  oan  oauia  motion  aioknaaa  (10).  Similarly,  tha  tbaenea  of  gravity  on  an 
axtandad  arm.  In  an  aatronaut  who  pareelvaa  hlmaelf  upright,  it  eontlatant  with  an 
angular  aocelaratlon  of  tha  arm  and  hand  in  the  "di^'n"  diraotion,  and  tinoe  tha  tame 
angular  aooalaratlon  of  tha  haad  and  body  would  hava  to  be  taking  plaoe  together  with 
tha  arm  (baoauaa  no  cwcation  of  tha  thoulder  la  taking  plaet),  danlal  of  auoh  an  angular 
aooalaratlon  by  tha  aamlolrouiar  eanala  oould  oraate  lurthar  oonfllot.  Thla  would  bo 
aBpaci''11y  to  If  tha  hand  wara  holding  an  objaot  kniwn  to  ba  "haavy". 

AVO101NU  L’ROVOCATIVK  MOVEMENTS 

Parhapa  aatronauta  ahould  be  told  that,  to  evold  motion  aioknaaa,  thay  ahould  not 
only  avoid  pitohlnq  and  rolling  hoaU  movamontt  but  thay  ahould  also  avoid,  at  much  aa 


r 


1 


1 


hA-4 


po«*ibl«a  poaturM  in  which  th*  spinai  aala  la  oCfaat  from  tha  diraotion  of  tha 
parcalvad  downi  and  thay  ahould  avoid  atatlo  tilt  poaltlona  of  tha  hand  ralatlva  to  tha 
parcalvad  down,  and  thay  ahould  avoid  axtandad  llmba  at  right  anglaa  to  tha  aplnal  axlti 
and  whan  moving  (tranalating,  floating)  about  tha  apacacraft  thay  ahould  maintain  tha 
aplnal  axla  parallal  to  tha  diraotion  of  tha  parcalvad  down  and  not  aoar  "horliontally" 
lika  Suparman.  Whan  the  body' a  aplnal  axla  parcalvad  to  ba  "horiaontal"  (at  right 
anglaa  to  tha  parcalvad  down),  than  of  oouraa  yawing  haad  movamanta  ahould  alao  ba 
avoldad. 

THE  ADAPTATION 

It  it  thought  that  thara  ara  probably  thraa  main  aapaeti  of  the  central 
adaptation  to  tha  unuaual  vaatlbular  anvironmant  In  apaoafllghti  firat.  a  ganaral 
tendency  to  ignora  or  auppraaa  Inputa  from  tha  vaatlbular  apparatua.  aapaoially 
otolithic  Inputa)  aaeond.  a  tandanoy  to  interpret  all  ohangaa  in  otolithic  Inputa  at 
ohangaa  of  linear  acoalaration  rather  than  ehangaa  of  tilt  angle  relative  to  gravity 
(called  varioualy  “tilt-tranalation  raintarpratation",  or  "tanaory  rainterprat..i.ion“  or 
"itimulua  raarrangamant".  rafa  19,29,30)1  third  a  aubatitutlon  of  othar  aanaory  Inputa, 
aapaoially  viaual  inputa  (36,31),  for  t)ia  pravioualy  uaad  vaatlbular  onaa.  Another 
poaaibility  ia  that  tha  eupulaa  of  tha  axquiaitaly  aanaltiva  aamioiroular  oanala  do  not 
normally  have  exactly  tha  aamt  dantity  aa  andolymph  (16),  a  ecnplieation  uaually 
ovareoma  with  the  help  of  Information  from  tha  otolltha,  and  ttiat  habituation  to 
walghtlaat  eupulaa  alao  ta)(aa  place.  It  la  alao  poaaibla  that  diffarant  eupulaa  hava 
different  danaltlaa  ao  that  aaymmatry  of  eupulaa  produce  tha  )(lnda  of  problama  that  hava 
baan  aaeribad  (37)  to  aaymmatry  of  otolltha,  Tha  apace  motion  ale)tnaaa  la  thought  to 
atop  whan  tha  central  adaptation  haa  procaaded  auffiolantly.  Again,  tha  propriocaptlva 
eentrlbutlona  tc  tha  motion  alclcnaaa  and  to  tha  adaptation  hava  bean  largely  ignored  but 
could  ba  important.  It  ia  )(nown  that  propriocaptlva  function  in  altered  in 
waightlaaanaaa  (20,21,26,28,39,30)  and  that  proprioception  on  Earth  can  ba  important  in 
motion  aieknaaa  (10), 
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ABSTRACT 

Sicknaae  in  a  flight  aimulator  can  ooxipicmiaa  training,  and  it  can  also  give  rise 
to  af feats  that  paraiat  afterwards  and  orsata  hatards  for  the  trainee,  Oantrally, 
aimulator  aleknaai  Invoivaa  moss  visual  disturbanoas,  mors  diaslnass,  and  mors 
aftar-aftaets  than  In  other  kinds  of  motion  aloknssa,  and  leas  gastrointestinal 
disturbanoa  (although  a  taw  Inataneas  of  frank  vomiting  have  bean  raportad,  both  in  tha 
simulator  and  after  leaving  it),  Simulator  sioknsaa  can  intarfara  with,  and  dlaoouraga 
participation  in,  simulatur  training.  Its  aftaraf facts  could  causa  aooidants,  and  to 
avoid  theaa  acoidanta  tha  trainuaa  era  often  grounded  for  a  whila  after  flying  the 
simulators.  Different  ineidanesa  of  aimulator  slcknass,  most  batwaan  10  and  60t,  have 
bsen  found  in  dlffarant  simulators  and  depend  partly  on  tha  oritaria  for  tha  "slcknass” 
and  on  how  the  aimulator  is  used.  Prooaduras  for  minimising  tha  problem  have  bean 
davalopad. 

INTRODUCTION 

Tha  use  of  simulators  for  flight  training  raduosa  the  costs  and  tha  risks  of 
training  in  aircraft.  In  modarn  simulators  that  include  a  wide  angle  visual  display, 
howavar,  thara  are  problems  with  simulator  slcknass.  With  taohnologloal  progress,  it 
saamt  that  as  tha  simulation  gats  batter  tha  aimulator  aloknaaa  problans  gat  worse 
(4,7, ta).  Thass  problems  have  bean  the  aubjaot  of  aympoaia  and  tha  subject  of  soma 
sxoallant  rsviaws  and  overview  papers  (1, 3, tl, 12, IS, 16, 20)  and  they  ara  being  addrassad 
with  soms  auccast,  Ths  prassnt  paper  will  attempt  to  aummarisa  tha  field  briefly  and 
indicate  where  further  information  can  ba  found, 

INCIDENCE  or  BlHUbATOR  BICKNEBB 

The  ineidansa  of  simulator  aioknasa  is  usually  higher  among  pilots  with  littls 
skparianea  on  tha  simulator.  It  is  usually  (IS, 21, 11]  but  not  always  (IS)  higher  still 
among  pilots  with  sxtsnslva  sxpsrlsnoa  on  the  real  aireraft  and  little  axparlanoa  on  tha 
aimulator,  The  inoidanoa  also  varies  with  tha  individual  simulator,  with  tha  kind  of 
mission  bsing  flown,  and  with  ths  criterion  for  raoognising  ths  prsasnos  of  simulator 
sickness,  In  a  survey  of  mors  than  2500  "fligh,..  “  in  ten  diffsrsnt  simulators, 
"Simulator  sioknsss  inoidanoa  varied  from  10  to  6v6’  (IS),  other  aurvsys  buvj  also 
produced  inoidanoas  in  this  range  (S, 6, S, 10, 11 ) ,  including  studies  of  air  combat 
simulation  (5,21),  but  anothar  survey  of  (mostly)  air  combat  simulators  found  an 
incldsnos  of  671  (18),  and  ths  air  combat  simulator  at  Williams  Air  Force  Bass  at  ons 
time  had  an  inoidanoa  of  871  (R,S,  Kallogg,  personal  communloation ) ,  Ovsrall,  ths 
fraction  of  pilots  who  sxpsrlanca  nausea  in  simulators  is  roughly  lot,  and  ths  fraction 
with  "eyestrain"  la  25t. 

It  is  not  known  whsthsr  thsrs  are  comrarabla  problsma  during  and  after  flying  tha 
real  aircraft  (12), 

SIMULATION  BICKNEBB  18  ONLY  PARTLY  MOTION  SICKNESS 

The  gastrointestinal  symptoms  ancoiintarad  in  simulators  are,  in  sll  probability, 
symptoms  of  motion  aicknass  (1,16)  These  inoluds  stomach  awarenass  and  nausea,  and  they 
are  probably  produced  by  a  conflict  in  the  pr.ttern  of  sansory  information  conoarning 
oriantation  and  motion  (I,  IS),  In  addition  to  tha  motion  sloknass,  simulator  sickness 
includes  other,  separata,  visual  and  vestibular  phsnomana, 

Primitiva  simulators  without  visual  displays,  or  with  visual  displays  that  are 
small  or  night-only,  produce  almost  no  motion  aioknasa.  Only  tdien  large  dusk  and  day 
tims  visual  displays  bscams  available  did  motion  sickness  baooma  s  notieeabls  problem  in 
simulators,  Ths  large  visual  displays  produos  aansatlona  of  self  motion  in  tha  pilot 
(13,14)i  in  all  likelihood  these  large  displays  also  stimulate  tha  visual  system  in  such 
a  way  that  ths  visual  system  provoksj  the  vestibular  system  (17)  to  produos  both  ths 
sansatiena  of  self  motion  and  (in  soma  pilots)  motion  aioknasa  (  pg  33B  in  rat  IS), 
"Stimulation  of  tha  vestibular  oantars  by  visual  inputs*  (pg  17  in  ref  22)  can  produce 
motion  sioknass,  presumably  baeauaa  tha  stimulation  oraatsa  in  tha  vestibular  centers  a 
pattern  of  aotivity  that  includar  aapsots  of  oonfliet  or  misraateh, 

Modarn  aimulators  inoluda  also  a  motion  bass  (2.24)  and  tha  iwohanieal  motions  of 
tha  motion  bass  oan  also  ba  auspaotad  of  oontributing  to  the  motion  aioknasa,  aspaolally 
if  the  motions  are  of  tha  low  fraguanoa  variety  that  era  known  to  provoke  motion 
sioknass  in  other  environmsnts  (IS), 


fiH-2 


Kennedy's  elnssif leatlon  of  the  aymptome  of  aimillator  sickness  Include  vt-  'l, 

vsitlbulsr,  and  vagal  (•gaitrointaatlnal)  aymptoma-  only  tha  vagal  (gaatrointastlnal) 
aymptoma  ara  properly  conaldarad  motion  aleknasa.  tn  addition  to  the  motion  aioknasa 
symptama  there  ara  separata  phanomena  In  simulator  aloknaaai  tha  visual  symptoms  of 
ayaatrain,  difficulty  fooualngi  and  sanaatlona  of  visual  dlstortlonsi  and  the  vastlbular 
symptoms  of  disslnasai  postural  Inatabilltyi  and  falaa  aansatlons  of  bodily 
orientation.  Tha  vlaual  and  vestibular  symptoms  can  occur  for  many  hours  aftar  leaving 
the  simulator,  and  thay  art  pottlbls  sources  of  acctdants  both  on  tha  ground  and  In 
flight. 


In  addition  to  a  pattern  of  oonflleting  sensory  inputs,  flight  simulators  inflict 
on  the  pilots  visual  Inputs  that  are  Impsrfaot  in  apparent  depth  and  that  vary  with  tha 
location  of  the  pilot's  ayss  as  ha  raovas  his  head.  Thera  is  also,  usually,  a  vary  high 
workload  in  flight  simulators,  aomatlmas  for  savaral  hours,  and  the  craw  Is  often  being 
tasted.  (Imulator  rides  are  oftan  ohaok  rides  in  which  many  amsrganeias  ara  almulatad. 
and  If  the  craws  do  not  perform  wall  thay  can  be  subjaetsd  to  rarldss.  failure, 
tamporary  dlaqualifleatlon.  or  avsn  parmanant  disquallfloatlon  if  unsatisfactory 
psrformanca  psraista.  Simulator  ridaa  can  ba  long,  stressful,  unpleasant,  and 
fatiguing,  whathar  or  not  motion  siokaaa  or  any  other  part  of  simulator  sloknsss  occurs. 

Tha  hsadaohas  assoolatad  with  flying  flight  simulators  could  ba  caused  by  the 
motion  aicknsss.  by  Imparfsetiens  in  tha  visual  display,  or  by  tha  demands  of  tha  task. 
Similarly  the  drowsinass  could  ba  part  of  tha  motion  aioknasa  or  simply  tha  result  of 
prolonged  hard  work. 

MOTIOH  SICKNESS  IS  A  POISON  RESPONSE 

Motion  sicknaas  is  a  poison  raaponaa  provoked  by  motion.  It  it  a  poison  response 
provoked  by  motion  acting  (directly  or  Indiractly)  on  tha  vestibular  ayatam.  Tha  motion 
sicknaas  that  la  part  of  simulator  aioknasa  is  a  poison  rasponss  provoked,  for  tha  moat 
part,  by  moticn  of  tha  visual  field  acting  indiractly  (through  tha  visual  aystam)  on  tha 
vastlbular  ayatam. 

DEALIHO  WITH  SIMUIATOS  SICKNESS 

Simulator  tioknaaa  can  eempromlas  training  (4, IS),  soma  trainasa  asnsitlvs  to 
simulator  sieknast  will  avoid  tha  simulator  as  much  as  poaslbla.  Soma  will  adapt  to  the 
simulator  by  adopting  habits  that  would  ba  oountarproduotivs  or  haiardeus  in  ths  real 
airoraftt  for  asanpla.  simulator  alcknass  might  be  reduced  by  minimising  hsad  movomsnta, 
but  minimising  head  movamants  in  ths  real  aireraft  would  dagrada  ths  lookout.  Tha 
aftaraffaots  (4)  of  simulator  sicknaas  (postural  disaqul librium,  falsa,  sensations  of 
oriantatien,  and  visual  flashback)  can  appear  several  hours  aftar  leaving  tha  simulator, 
and  could  causa  sooldants  on  tha  ground  or  in  flight.  Bseausa  of  ths  tftsrsf facts,  sama 
day  flights  in  real  aircraft  ara  raatrietad  in  soma  organisations,  with  a  loss  of 
oparational  availability  of  pilots  by  as  much  as  St  (IS),  Also,  simulator  sloknsss  is 
raiasrablat  this  kind  of  milsry  can  be  inflicted  dsllbaratsly  in  ordar  to  indues  dasirsd 
kinda  of  adaptation  (S.SS.fS),  but  managars  with  responsibility  for  pilot!  should  taka 
steps  to  sliminata  it. 

To  deal  with  simulator  sioknass.  currant  rseommsndations  ara  (lS,a3)i 

1.  Avoid  creating  simulator  sickness  by  suggestion.  It  can  ba  contagious  if  ons  pilot 
laaa  another  sick.  Pilots,  should,  howsvar.  ba  wsrnad  about  ths  aftaraffsets.  No 
one  should  go  dicaetly  horns  to  repair  Ills  roof  after  a  simulator  flight. 

2.  Do  not  fly  tha  simulator  when  you  are  hung  over  or  have  an  upset  stomach. 

3.  Adaptation  is  tha  strongest  fit  tor  simulator  aioknaas.  Try  to  fly  tha  simulator 
svsry  day  until  adaptation  it  oomplata  (but  do  not  fly  it  past  modarata  naussai 
atop  tor  tha  day  if  you  baooma  nauaaatad) .  In  aoms  simulators  adaptation  occurs 
mors  rasdily  if  hops  are  every  2  to  5  days. 

4.  Do  not  fly  tha  simulator  tha  sama  day  as  a  flight  in  tha  real  aircraft. 

9.  Oat  seated  and  orgsnlaad  bafora  turning  on  tha  visual. 

6.  Hasp  to  a  minimum  tha  number  and  magnitude  of  turns  whila  taaling  or  whlls  flying 
near  tha  ground. 

7,  Kasp  to  a  minimum  tha  number  of  staap  turns,  abrupt  changes  in  spaed  or  pitch,  or 
turbulanoa  in  flight. 

0.  Kasp  to  a  minimum  tha  number  and  msgnituds  of  hsad  movements,  sspacially  large 
nodding  movamants  during  turbulence  or  during  changes  of  aircraft  heading  or 
airspaad. 

9.  Usa  mostly  Inatrumant  flight  in  layer  cloud  and  not  too  much  clear  hood  flying,  and 
uss  night  flying  rather  than  day  or  dusk  flying. 

10.  Usa  tha  frssaa  mods  and  raaatting  nods  as  little  as  possibla. 

11.  Ensure  that  all  projected  channels  of  visual  Imagsry  ara  oorractlt  aligned. 

12.  Turn  off  tha  visual  and  turn  on  ths  simulator  lights  bafora  ssiting. 

13.  Whatsvar  is  assn  or  parcalvad  to  ba  tha  oausa  of  tha  sickness  should  bs  minimlsad. 

14.  Bs  aware  that  tha  initial  flights  ara  nora  nausaegsnio  than  later  onaa,  and  that 
soma  particular  missions  are  much  more  nausaogsnlo  than  others. 

19,  Whan  adaptation  is  oomplata,  most  (but  not  all)  of  thaas  rules  can  ba  disoardsd. 
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SUMMARY 

An  historical  illustration  of  the  prevalence  of  motion  sickness 
sea  is  followed  by  a  review  of  experimental  studies  in  which  both 
ship  motion  and  sickness  have  been  quantified4  The  motions  responsible 
for  sea  sickness  are  identified  and  alternative  methods  of  predicl.  l.ng 
sea  'ickneas  from  measures  of  ship  motion  are  defined.  The  influence 
of  causal  factors  other  than  motion  ’are  also  consldereii. 


1 .  INTRODUCTION 


Sea  sickness  may  have  been  the  first  form  of  motion  sickness  experienced  by  man  and 
animals  -  it  has  probably  inflicted  more  persons  than  any  other  form  of  Lravel  aicknoao. 
Nevertheless,  while  all  who  go  to  sea  have  something  to  .say  about  motion  sea  aJcknesji, 
scientific  study  of  the  aubjoct  has  been  meagre.  There  have  been  remarkably  low  systematic 
attempts  to  determine  the  motions  rRsponalble  for  sea  aloknoss  and  little  stniouy 
scientific  effort  to  minimise  sea  sickness. 


VIRTIOAL 


1.1  TyR««  Ot  option 

Various  terms  are  used  to  describe  the 
motions  of  ships  and  people,  with  several 
different  terms  being  used  for  the  same 
inations.  Vertical  motion  of  a  ship  may  bo 
called  ncending  (or  heaving)  or  identified  by 
the  Gonvontiona  for  vortical  motion  of  soatod 
or  standing  persons i . z-axis  motion.  The  axeu 
used  to  describe  human  motion  are  sliown  in 

Figure  1.  When  a  person  is  sitting  or  LATIRAL 

standing  facing  the  front  of  a  vessel  the  x-  (y*AXls) 

axis  of  the  body  corresponds  to  the  fore-and- 
aft  axiu  of  the  vessel.  Similarly,  roil 
motion  of  the  body  corresponds  to  roll  motion 
of  the  vessel.  A  person  who  ia  free  to  turn 
may  stand  sideways  so  that  the  x-axis  of  the 
body  is  parallel  to  the  lateral  axis  of  the 
vessel  and  roll  of  the  boat  will  cause  the 
body  to  move  in  pitch.  Lying  down  will 

render  the  z-axis  of  the  human  body  horizontal.  These  variations  may  alL’ecL  huiiuin 
senHitivlty  to  Vessel  motion.  Moot  studies  ot  ship  motion  and  .ooa  uicknonn  have  Lqn>ori.'d 
variations  and  described  ve.ssel  motions  using  axes  of  the  boat  rjthcr  than  a.xnn  of 
the  exposed  people.  At  moat,  the  oiientaL ion  of  the  body  (upright,  or  rociimbiijnt  )  in 
indicated. 


ROIII-AND*ART 

Figure  1  Axe.s  of  motion. 


Three  alternative  co-o  rd  I  nat.f)  syotems  might  be  unod  1.0  (loscribo  l.hi?  iiml.iunn  \fi  wlii'ih 
people  are  exposed  or.  ships;  a  co-oi  dinaLe  system  (^untied  on  l  ho  person  (i.e,  a  blodyn..iriili,.' 
co-oLiJlnal'.e  tiyslem),  a  co-ordiriatc  system  centred  on  th«  ship,  or  a  i:o“ordln.tii.o  'tyalum 
centred  on  t.ho  Earth.  With  people  moving  around  on  ships,  bludynam.lc  co-otdinui.e*  Myni.eiiin 
are  Inconvenient.  Earth-referenced  co-ordinate  systems  ure  technically  dlftlcuU  bpcauf^e 
they  require  that  the  axes  of  measurement  remain  vertical  and  hutixontal  as  tlio  vessel 
rolls  and  pitches.  Although  some  meaauromonkn  have  been  made  with  earth -ref erencod  .iXf?n 
most  measurements  related  to  motion  r-lckness  have  used  ship-referenced  axes,  In 
caniiequencR,  rrreasuremi  nts  in  the  'vertical'  and  'horizontal'  direct 'on.M  atn  only  truly 
vertical  and  horizantal  whim  there  is  no  toil  and  no  pitch.  Meaaurument u  of  ' hor  izont « t ' 
motion  ll.e.  fore-and  aft  or  lateral  motion)  using  ship-refercncod  a.ics  can  bo  very 
clifCeront  item  those  obtained  using  earth-referenced  axes  due  to  the  gravi  tat  ional 
components  datectod  by  transducers  Su  they  tilt  in  the  graviiatlonal  field  of  the  oar.h 
(see  i}e^.tlon  6  below). 

1.2  Iff •at!  of  motion 

Vomiting  Is  the  most  obvious  sign  of  motion  sickness  but  it  is  not  the  only  sign  of 
sen  slckneufi.  Voiititing  may  be  neither  the  most  sensitive  nor  the  movst  important 
consequence  of  yicknesa.  Where  the  incidence  of  motion  sickness  is  low,  some  .Leas  dramatic 
effect  may  !>«  a  more  setiaitive  indicator  since  it  may  bo  present  in  greater  quantity. 
Additionally,  nausea  may  be  a  mure  accurate  indicator  of  performaiico  and  mood  than 
vomiting,  Memy  studying  motion  eicknesa  have  therefore  chosen  to  use  scales  which  give 
gome  weight  to  effects  other  than  vomiting.  However,  various  scales  have  been  employed  so 
comparisona  of  data  from  different  studies  is  difficult  (see  scales  defined  by  Konda  eC  aj, 
1977/  Gtaybiel  et  nl,  1968/  Lawther  and  Griffin,  1986).  Terms  such  as  'nausea'  and 
'aicknesa'  have  different  meanings  in  different  studies.  Some  rating  scales  have  been 


tot  MKiiii>ri,n«nn«l  icudlaa  In  the  Isboratory  end  ate  lass  suitable  lot  application 
to  unttair.ad  travalleta  by  means  of  a  questionnaire'.  Consequently,  it  is  currently  only 
possible  to  compare  the  results  oE  s  wide  range  of  field  trials  by  using  vomiting  as  the 
dependent  variable.  Fortunately,  ntuales  at  sea  reported  by  Kanda  ec  al  (1977)  and  Lawther 
and  Griffin  (1937)  suggest  mild  and  modetsco  symptoms  of  slc)tneaa  may  ba  predicted  from  the 
relation  between  vomiting  Incidence  and  ship  motion  magnitude. 


2.  ttlSTORlCAL  PIM91CTIV1 

Host  reports  of  the  inciclenae  of  sea  slolinuas  give  little  information  on  t)ie  .  .yaical 
cause  of  the  alcKnesa  but  provide  a  baoltground  view  of  the  extent  of  the  prcblem.  Sea 
studies  of  tlie  efficacy  of  alternative  anti-motion  alc)tnBn.i  drugs  'have  often  included 
control  groups  tailing  no  drug  lor  a  placebo)  and  provide  a  major  source  of  information  on 
the  underlying  extent  of  motion  sioicnesa  at  Sea.  Other  information  comes  from  a  few 
experimental  studies  and  from  medical  records. 

During  the  years  1909  to  1931  (excluding  the  period  1916  to  19201  2.3  men  -per  100.  000 
were  invalided  out  of  the  Royal  Navy  througli  motion  sicltneasi  while  10.4  men  per  100. OOO 
were  placed  on  tire  sicli  list  (Keevil.  1935) .  These  figures  were  interpreted  ns  showing 
that  most  persons  develop  an  "immunit'/"  to  motion.  From  a  questionnaire  of  100  sailors. 
Kui'-jil  found  tliat  40»  ndmlttud  to  liavlrig  experienced  motion  slclcnesa  -  but  In  no  case  was 
ttie  in  oblum  .'uftlclent  fut  it  to  be  entered  into  their  medical,  records .  Of  the  409  who 
lepnrted  liavlrg  been  seasick.  J8%  had  been  sick  on  destroyers  and  only  109  on  battlesl.ipa . 

Figures  for  the  tmsiberM  of  pasaongers  and  crew  seeking  medical  attention  on  the  United 
Fiult  C.imp.any  Steamship  Oervice  between  1915  and  1923  are  given  by  Desnoes  (1926).  fbout 
o.bi  approximately  30.000  passengers,  and  a  slightly  lower  percentage  of  about  1,,000 
crew,  suffered  sufficiently  severe  motion  sickness  to  seelt  medical  attention.  There  were 
no  rr.cor.ied  detthe  due  to  aea  slokneas. 

Ilolling  el  al  (  19441  ruport  a  study  using  soldiers  on  two  mlnesweepera  sent  to  sea 
whenever  there  was  s  prospect  of  sufficiently  rough  weather  to  test  the  effioacy  of 
,il  ret  hat  ivc  anti-motion  alckreaa  drugs.  With  the  vessels  at  aea  for  between  4  end  6  hours 
the  incidence  of  sickness  In  control  subjects  varied  between  229  and  619  on  different 
ilpn,  with  most,  of  these  vomiting  befota  the  end  of  each  trip. 

I.at.r  okiiaincd  from  I'lSh  troops  undergoing  asaault  exarclaea  in  India,  mainly  in  small 
landing  craft,  showed  that  12.49  vomited  IHlil  and  Guest,  1945).  In  other  studies  with 
.soldiers  In  landing  craft,  Tyler  (1946)  found  that  about  359  became  sick  and  about  149  were 
severely  sick  during  thiew  hour  periods.  The  sickness  Was  found  to  depend  on  posture  (see 
llectlon  3.4.4  below)  and  medication. 

Chinn  et  si  (1950)  conducted  a  drug  trial  aboard  a  16,000  ton  troop  ship  on  a  two-way 
creasing  of  the  Atlantic  Okean  during  which  209  of  a  control  group  vomited  on  tiie  esstlsound 
Journey  and  419  of  a  different  control  group  vomited  on  the  westbound  crossing.  Chinn  et 
d!  (1952)  report  a  drug  study  with  troops  aboard  two  further  veasels  crossing  the  Atlantic. 
Some  of  the  troops  had  made  the  croasing  previously)  of  these,  36.99  on  one  sliip  and  38.69 
on  the  other  ship  said  that  they  had  been  seasick  previously.  In  the  study,  smong  those 
who  were  administered  a  placebo.  38.09  vomited  on  one  vessel  and  37.69  vomited  on  the  other 
vessel.  The  ittoidenee  of  vomiting  declined  with  increasing  age)  when  including  those  who 
received  active  drugs  there  wore  33.69  who  vomited  in  the  age  range  17  to  20  years  while 
14.29  of  those  In  the  range  30  to  39  vomited. 

Hsndford  et  aj  (1954)  found  a  349  incidence  of  vomiting  among  troopa  on  a  military 

1  i.'nS|K)tt  abl  u  cros.slng  thu  Atlantic.  A  similar  study  Involving  15  crossings  resulted  in 
tlw  prevaletice  of  vomiting  varying  between  1.19  and  43.89  with  an  overall  average  of  22.99 
among  those  (aktng  a  placebo  drug  on  10  eaatbound  trips  and  varied  from  15.59  to  35,79  with 
an  overall  average  of  19.69  on  westbound  trips  (Anon,  1956,.  Trumbull  ot  al  (1960) 
reported  that  on  military  transport  ships  travailing  across  the  Atlantic  the  incidence  of 
vomiting  in  control  groups  varied  between  8.51  and  22.19  on  three  crossings.  A 
quastionnaUe  survey  of  699  men  aboard  destroyers  involved  in  escort  duty  In  the  O.S,  Navy 
indicated  that  399  were  never  sick,  399  were  occasionally  sick,  109  were  often  sleli  and  139 
were  almost  always  sick  (Bruner,  1955). 

Pethybrldge  «t  ai  (1971))  found  that  67%  and  739  of  the  crew  of  two  Brltlah  Royal  Navy 
ahipa  had  been  aea  sicit  during  their  career,  and  429  and  561  had  been  siolr  in  the  past  12 
months.  During  sea  trials  over  five  days  with  rough  waathar  (wave  heights  generally 
between  4  and  14  metres),  389  and  479  of  the  crew  on  t)re  two  vassals  were  sicit  on  at  least 
one  occasion  From  1746  responses  to  a  questionnaire  of  men  serving  on  a  variety  of 
British  Royal  Navy  veasels,  Psthybrldgs  (1982)  estimated  that  about  709  of  naval  personnel 
suffer  from  some  ot  the  varied  symptoms  ot  sea  aicitness.  The  Inoidanoa  of  sieknoss  varied 
with  vessel  else  (see  Section  4.3  below). 

Among  335  participanta  in  an  Ocean  Youth  Club  holiday,  579  experienced  aea  alakhesf 
when  no  active  drug  was  taken)  this  reduced  to  269  among  thoaa  taking  a  drug  (Hargreaves, 
1980)  .  Attias  ef  ai  (1987)  report  e  3  day  drug  trial  aboard  a  300  ton  vaasei  in  aaa  stataa 

2  end  3  during  whtoh  539  at  thoia  racaivlng  no  drug  wera  aic)t  on  tha  (irat  two  days  and  239 
wera  sick  on  tha  third  day. 


7-.1 


3.  iiK  iTUDiifl  or  T8I  cAoai  or  motiom  azcxmsa 

3.1  Intseduotten 

Thla  section  reviews  studies  which  have  obtained  measurements  of  motion  and  a  massura 
oC  the  alcknes  .  caused  by  the  motion.  Effects  of  non-motion  variables  are  also  tummariied. 

Limitations,  especially  to  the  equipment  used,  render  some  results  insufficient  to 
draw  qenersi  soncluslona  as  to  the  motions  cauainq  sickness.  Nevarthelesi,  observations 
made  durinq  these  studies  may  be  of  some  value  in  Idenbifyinq  other  fsctoi's  which 
contribute  to  the  complex  relation  between  motion  and  motion  sickness.  Wharr  appropriate, 
the  reported  incidence  of  sickness  and  vessel  motions  are  oompsred  with  predictions  using 
the  'motion  sickness  do-se  value'  IMSDV)  calculations  definsd  in  Ssotlon  4,2  below, 

3.2  iuasuicy  of  aiiparlawntel  etudlae 

3.2.1  ttudiaa  with  aauill  veeeala 

Using  fast  patrol  beats  for  more  than  2  hours  .:ind  encountering  rough  sea  (giving 
vertical  motion  at  0,36  to  0.4B  He  with  acceleration  in  the  range  *<2.6  to  +3,3  mt*')  Glaser 
and  Harvey  (1931)  found  that  approximately  half  of  a  group  of  soldiers  vomited,  Soldiers 
within  enclosed  floats  in  a  swimming  pool  ware  made  motion  sick  by  artificial  waves  having 
a  frequency  of  0.29  Kx  and  peak  acceleration  in  the  range  -1.6  to  +4.3  ma'^  (Glaser  and 
Hervey,  1952)  ,  Approximately  S7t  of  soldiers  felt  ill  and  364  vomited  wit)i  1  hour  of  the 
motion  -  although  there  was  evidence  of  habituation  to  the  motion  over  six  exposures,  Some 
drugs  were  found  ic  be  effective  in  reducing  the  incidence  of  illness  and  vomiting. 

Tokoia  et  ai  (1964)  reported  that  a  24  hour  study  in  life-refts  at  sea  in  'hard 
weather  conditions'  (a.g,  3  m  waves)  did  not  produce  much  vomiting  becs.use  the  volunteers 
were  "accu.+tomed  to  heavy  sea”.  A  .similar  study  in  a  wave  tank  produ«ng  a  frequency  of 
0.3/  He  with  acceleration  reported  to  be  in  the  tango  3  to  5  ms''  prodeced  vomiting  in  all 
14  men  expo.and  to  the  condition  without  any  medication  (drugs  or  placebo)  within  one  hour 
on  their  first  exposure  (Glaser  and  MoCance,  1959),  Hepeating  the  sxpoaute  five  times  at 
two  day  intervals  reduced  the  insidenoe  of  vomiting. 

Landolt  and  (konaco  (1989)  report  that  in  four  cases  of  craw  abandoning  oil  rigs  in 
totally-enclosed  motor-propelled  aurvivai  otaft,  sea  sickness  occurred  in  754  or  more  of 
tho  occupants.  The  ooridltioh  developed  quickly  and  was  severe  In  some  cases, 

3.2.2  Ibudy  by  Handteid 

Handfoi'd  et  al  (1953)  report  a  survey  of  638  men  aboard  a  troop  ship  crossing  the 
Atlantic  Ocean  from  west  to  east.  A  gyrosoope  was  used  to  meaaure  roil  and  pitch  while 
Vertical  motions  were  measured  with  accelsromalerb  at  four  locations  in  the  1B6  metre 
vessel.  The  average  roil  frequency  was  0,07  He  while  the  average  pitch  fraquenoy  wes  0,17 
Hs.  The  Vertical  aoneleratlon  vorled  with  location  and  with  time,  tt  is  reported  that  the 
"uvenaJi  average''  vertical  acceleration  for  a  7  hour  period  on  the  second  day  was  0,7  ms'’, 
(This  may  be  the  average  of  the  peak  accelerations  recorded  over  5  minute  periods  every 
half  an  hour.)  The  average  coil  was  reported  as  1.0  degress  and  the  average  pitch  as  0.7 
degrees . 

The  crossing  was  described  as  exceptionally  smooth  yet  35.5%  of  the  men  succumbed  to 
sickness  (i.e,  they  either  vomited  or  were  obviously  seasick  to  an  observer) .  The  authors 
wars  unable  to  find  any  correiaCion  between  sea  sicknnsa  and  measures  of  the  vessel  motion, 
The  rate  of  sickness  reached  a  peak  between  OS. 00  and  07.00  hrs,  corresponding  to  ravaiiie. 
(It  is  not  posnible  to  compute  c.m.s,  acceieratlcn  from  an  'averaga  peak  aooeleratlon' ,  but 
if  the  c.m.s.  acceleration  is  assumed  to  be  1,4  times  lower  then  the  'average  peak  value', 
as  for  a  sinusoid,  a  seven  hour  exposure  to  0,7  ms'’  will  yield  s  motion  sickness  dose  value 
of  79  ms  ''*  and  a  prediction  of  26%  of  persons  vomiting). 

3.2.3  Study  by  Mleuwcithulj sen 

Nieuwenhui jsen  (1956)  reported  the  results  of  a  questionnaire  survey  of  motion 
siokriass  among  423  psssenge.ts  sbosr.l  a  149  metre  vessel  travelling  across  the  Atlantic 
Ocean.  (The  accuracy  of  apparatus  used  to  raesaure  motion  is  unknown.)  The  vertical  motion 
is  reported  to  have  had  a  dominant  fraquenoy  of  13.14  He  with  a  magnitude  of  about  il  ms'' 
when  the  sea  was  in  a  "normal”  condition  during  the  first  24  hours  at  aea>  The  motion 
.'noreased  over  s  period  of  8  hours  to  more  than  ±4  ms'",  when  sailing  in  the  tail  of  a 
hurricane,  and  then  subsided  over  the  next  36  hours.  Tlie  number  of  persons  motion  slok 
increased  from  about  44  to  224  as  the  magnitude  of  t)ie  motion  increased  but  did  not  reduce 
until  almost  36  hours  after  the  reduatloh  of  the  motion  (see  figure  2), 

Assuming  a  vertical  motion  of  i  ms'"  t.m.a.  (i.e.  a  peak  acceleration  of  4  ma'*  with  a 
crest  factor  of  4)  the  moticn  Sickness  dose  value  procedure  would  suggest  that  20%  of 
unadapted  persona  would  vomit  within  one  hour.  This  calculation  is  highly  dependent  on  the 
crest  factor  but  a  value  of  4  has  been  obtained  In  some  studies  (see  Griffin,  1990).  The 
motion  sldknesa  dose  value  procedure  ia  intended  for  short  duration  ekpoaurea  and  doss  not 
incorporate  a  recovery  (or  habituation)  chatacteristig,  Conaequently,  It  impllsi  that  aome 
pasaengera  will  become  sick  even  if  the  magnitude  of  the  motion  reduces  I  this  seems 
approprl.ite  to  the  data  reported  by  Nieuwenhui  jsen.  The  date  in  figure  2  luggest  that  the 
rate  of  recovery  from  motion  sickness  is  elow  and  that  in  the  conditions  encountered  by 
this  vessel,  the  rate  of  recovery  was  metehed  by  the  rats  or  new  osaes  for  about  36  hours 
after  the  height  of  Che  storm.  The  author  says  that  the  average  pclsenger  needs  two  or 
three  days  to  become  ''adapted”. 

Nieuwenhui  jsen  reported  that  femeXee  were  more  susceptible  then  ttialea  (in  the  ratio 
2 1 3),  that  there  wee  a  non-linear  deolins  in  sueceptlbillty  with  inereaeing  age,  and  that 
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thpae  tsltirtg  anti-motion 
aicknats  dtuga  waca  mora  Ukaly 
to  be  alck  than  thoaa  who  did 
not  taka  aueh  dru^a.  Tha 
latter  finding  waa  attributed 
to  both  tha  higher 
suacaptlbllity  to  aicknaaa 
among  thoaa  who  took  dcuga  and 
thaic  tendency  to  wait  until 
they  felt  ill  before  taking  the 
tablete.  Tha  taking  of  anti- 
motion  alokneaa  drUga  waa  twice 
aa  fregueht  in  the  femalea 
(Tit)  aa  in  the  malaa  (ITt) , 

l.a.4  Jepaaeae  atudlea 

During  a  4  month  voyage  in 
tha  Paoifio  Ocean  aboard  a  97 
matte  sail  training  ohlpi  3S 
oadeta  (aged  18  and  19  yaara) 
with  no  recent  aea  experience 
were  aaked  to  report  their 
motion  aicknaaa  axperienca 
(Kanda  and  Vamagamii  19fi9| . 

Tha  vaaael  had  dominant  rollt 
pitch  and  vertical  motiona 
between  0.14  and  0.17  Ha. 

Uaing  data  from  a  later  atudy 
(aea  bclcw) ,  Qoto  and  Kanda  (1977)  reanalyaed  theae  reaults  to  quantify  the  decreaae  In 
vomiting  with  daya  at  aea.  They  auggeat  that  motion  aiokneaa  incidence  ahould  be 
calculated  from  tha  product  of  two  varlablaai  a  'human  reaponaa  function'  and  an  'axpoaure 
affect  function'.  Tha  human  reaponaa  function  la  determined  from  the  acceleration  raiaed 
to  a  aultable  power  (eea  below)  while  tha  expoaure  effect  function  la  derived  from  the 
change  in  motion  aickneaa  on  auoceaalve  cruising  daya.  They  showed  that  sarioua  motion 
elcknens,  and  leasee  symptoms,  decreased  as  days  at  aea  increased,  with  a  straight  line 
invaraa  reiaticnahip  between  daya  at  aea  and  the  logarithm  of  aioknass  inoidencei  the 
incidence  of  motion  aicknaaa  aymptoma  fell  to  about  a  tenth  over  the  firat  10  days  at  sea. 

A  atudy  of  motion  sickness  among  firat  year  cadets  with  no  previous  experiencr  of  the 
sea  during  one  month  aboard  a  IIS  metre  trclnlng  ahip  is  reported  by  Kanda  et  ai  (1977). 
Tha  oadeta  ware  monitored  et  half  hour  Intervale  during  watohea  and  during  rest  with  the 
reported  data  coming  from  2-day  oiultea  during  c  one  month  period  which  also  involved  time 
at  anchor  and  in  port.  Vertical  motion  waa  measured  in  the  navigation  bridge  and  ia 
reported  aa  r.m.a.  aecaietation  with  a  frequency  in  the  range  0.17  to  0.21  Hz.  Observation 
over  a  period  of  8  hours  after  leaving  port,  with  a  4  hour  watoh  commencing  2  hours  after 
leaving  port,  showed  that  the  incidence  of  motion  sickness  inereasad  greatly  during  a 
period  commencing  half  an  hour  before  going  on  watch.  Those  with  'soveto  symptoms  of 
motion  aicknaas’  inereasad  from  less  than  5%  before  this  period  to  more  than  8h4i  while  on 
Watch(  those  with  'any  aymptoma  of  motion  sicknaan'  increased  from  about  204  to  about  804. 
The  inoidenaa  of  motion  aioknass  fell  immediately  after  the  end  of  the  watch.  In  the 
example  shown,  the  magnitude  of  vertioal  motion  inoraased  for  a  period  shortly  before  the 
watch  but  subsequently  remained  elmoat  constant  at  about  0.6  ms"’  r.m.o.  The  authors 
explain  tha  fall  in  motion  aickneis  inoidence  following  the  watch  by  the  Drew  lying  dowri 
or  going  to  sleep.  Qoto  (1981)  linka  the  inoraaae  before  the  start  of  the  watch  to  the 
cadets  waking  up  to  ptvpare  for  tasks. 

The  study  by  Kanda  «L  dl  (19(7)  also  yielded  grap)is  showing  liow  the  percentage  of  tha 
cadets  with  sickness  increased  with  exposure  time  during  seven  different  periods  at  sea, 
Differences  between  voyages  sre  explained  by  either  differences  in  the  magnitude  of  motion 
or  the  prior  experience  obtained  during  ptevloue  voyages.  It  la  shown  that  tha  incidence 
of  sickness  continued  to  decline  with  up  to  12  daya  at  sea,  Qruphs  are  also  provJ.dad  of 
the  maximum  numbar  of  peraons  to  suffer  from  motion  aicknesa  during  e  voyage  ea  a  function 
of  the  vertioal  motion  present  at  the  time  when  this  Inoldenee  of  motion  sloknesa  ooourred 
(after  about  2  to  3  hours) •  It  ia  shown  that  for  alight,  moderate  end  severe  motion 
sickness  tha  inoidsnse  of  eioknssi  inersased  with  the  logarithm  of  the  magnitude  of  the 
vertical  acceleration,  a  (ma"'  r.m.a.)  ■ 

Peroent  with  alight  or  worse  symptoms  -  106  log^  e  4  104 

yeresnt  with  modsrati  or  worss  symptoms  ■■  108  logi,  e  4  7i 

Percent  with  serious  symptoms  «  114  log,,  a  4  56 

Theie  reletlent  art  illustrated  in  rigura  3  ualng  both  logarlthmlo  and  linear  scales  of 
eocalaration.  The  similar  gradients  for  the  regreeaiona  between  sioknase  end  the  logarithm 
of  acceleration  tor  the  three  degrees  of  siokneae  auggeito  that  the  use  of  only  severe 
symptoms  (l.e.  vomiting)  in  other  atudlea  may  allow  the  estimation  of  the  relation  between 
motion  and  Isaier  dagraea  of  illnsaa.  However,  also  shown  in  rigure  3  ere  the  values 
obtained  for  vomiting  Ineldenoa  predueed  by  vertioal  oaoilletion  in  tM  laberetory  at  Bil66 
Hi  by  0' Hanlon  end  HcCaulay  (1974)  and  vomiting  inoldenee  prediotad  using  the  motion 
siekneaa  doss  value  procedure  (MIOV)  for  ■  two  hour  period  ae  ■paeifiad  in  brltilh  atandird 
6841  (1987),  The  authors  suggest  tha  gtaatar  sanaltlvity  to  motion  In  thals  study  at  sta 


Tims  alnoe  dsparture  (hours) 

rigura  3  Variation  In  vertical  motion  and  percentage  of 
seasick  paassngera  during  84  h  voyage  (adapted  from 
Nieuwanhui jaen,  1958)  , 


rigiin  S  Variation  In  motion  alcknaia  with  magnituda  ol  vartioai  motion.  [Data  from  Kanda 
at  alt  19771  O'Hanlon  and  HcCaulay  data  (ata  Baotion  4.3)  and  MSDV  pradictiona  (aaa  Saotion 
4.2)  for  2  h  axpoautaa  to  0,166  Hz). 


waa  due  to  tlia  abaanoa  of  toll  and  pitoh  motion  in  laboratoty  aKpitlittntf.  Othoi 
axplanationa  aza  poaaiblai  inoludlnf  a  dlffarant  intarpratation  of  tha  daaarlptort  of 
motion  aio)(nata  aavarityi  tha  daflnition  ot  aaiioua  aymptoma  in  thaaa  aaa  triala  is  givan 
ai  "axtramaiy  unpiaaaant  Mcnaatlena,  vanitlng,  ioaa  of  oaaira  to  do  anything",  wharaai  tha 
data  from  tha  laboratory  axparimanta  and  tha  data  uaad  in  tha  motion  aio)(naaa  doaa  valua 
pradietion  an  baaad  lolaly  on  tha  inoidanca  of  vomiting.  (Tha  dagraaa  of  motion  aioltnoat 
uiad  by  Kanda  at  al.  1977  and  ahown  in  Figura  3  ata)  Qrada  1  (alight)  •  "tomawhat 
unpiaaaant  ttntttlanM,  but  capabia  of  eattying  on  notmai,  unchanged  life  Orada  II 
(modacata)  •  "eonaiderable  unpleasant  aensatlons,  occasional  nausea,  hard  to  do  work  or 
catty  on  other  activities  aboard  ahip"i  Qrada  III  (aatioua)  ••  "esttemely  unpleasant 
aenaatiena,  vomiting,  loss  ot  desire  to  do  anything"), 

Furthar  analyaia  of  thraa  ona-menth  vuyagaa  oonaiiting  of  two  daya  at  aai  intiraparaad 
with  two  or  thraa  daya  at  aneher  around  tha  ooaat  of  Japan  ia  raportad  by  Qoto  and  Kanda 
(1977) .  Vartioai  metiona  maaaurad  aboard  tha  119  matra  motoriaad  ahlp  wata  all  in  tha 
ranga  0.4  to  0.7 'ma'*  r.m.i.  (dominant  fraquanoy  0.14  to  0.2  Hz).  Qroupa  of  40  to  60 
marohant  oadata  with  littla  aaa  axparianea  partlcipatad  in  tha  atudy  and  wara  quaationad 
about  thair  aymptoma  of  motion  aleknaaa  at  half  hour  intarvala  throughout  watohaa.  An 
analyaia  of  data  from  tha  two  or  thraa  houra  of  tha  firat  day  ot  aaoh  voyaga  ahewad  that 
tha  ineidanoa  of  vomiting  ineraaaad  vary  rapidly  with  Inotaaaaa  in  tha  roet-maan-aquara 
vartioai  motion)  approximataly  10%  vomitad  with  0.49  ma'*  r.m.a.  whila  about  90%  vomitad 
with  0.99  mt'*  r.m.a.  Xha  graatar  rata  of  Inoraaaa  in  thaaa  fiald  atudlaa  than,  in 
laboratory  atudiaa  with  vartioai  motion  waa  attributad  to  tha  ptaaanoa  of  motion  in  othar 
axea  (e.g.  roll)  and  tha  infaotioua  influanoa  of  aailori  aaaing  othara  vomit.  It  waa 
infarrad  from  tha  data  that,  batwaan  0,4  and  0.75  ma'*  r.m.a.,  tha  metien  aloKnaaa  inoidanoa 
inorOaaad  in  proportion  to  tha  t.m;a.  aeoaloratlon  ralted  to  tha  pewar  of  4.9.  Abeva  0.79 
ma'*  r.m.a,  it  waa  aaaumad  that  thara  waa  100%  aiaKnaia  inoidanoa  while  below  0.4  ma''  r.m.a. 
it  waa  aaaumad  that  aloknaia  ineidanoa  inoraaaad  in  proportion  to  r.m.a.  aooalaration 
ralaad  to  tha  power  ot  1.6.  Compared  with  tha  earlier  atudy  it  waa  obaervad  that 
acelimatiaation  took  place  more  alowiy  whan  aaa  axparianea  oonalatad  of  a  aariea  of  ihort 
voyagaa  aa  oppoaad  to  n  oontinuoua  voyaga.  Tha  authors  ooneludad  that  tha  Inoidanca  ot 
motion  aieknaaa  reaohaa  a  peak  within  2  or  3  houra  and  that  thara  ia  both  a  fatigue  affaot 
and  an  acelimatiaation  affect.  They  auggaat  that  motion  aioknaaa  dots  not,  tharafore, 
fellow  a  aimpla  tima'^dapendanoy  in  whloh  expoauraa  are  equally  aavart  if  tha  axpoaura  timaa 
multiplied  by  tha  aquaraa  of  their  r.m.a.  aocelaratlona  are  almllar.  (Unlike  aoma  other 
atudiaa,  tha  maaaure  of  aioknaaa  used  in  this  sariaa  of  atudlaa  waa  tha  number  ot  paraona 
suffering  at  half  hour  intarvala  ahd  net  tha  oumulativa  number  of  paraona  to  have  auffarad 
ainoa  the  eommanoamant  of  the  voyage.) 

Goto  (1991)  auggaata  a  refinement  to  tha  above  pradiotion  method  aueh  that  the  power 
to  which  tha  r.m.a.  aooalaration  ia  ralaad  varlaa  with  tha  aavarity  of  aioknaia  in  addition 
to  tha  magnitude  of  tha  motion,  rormulaa  are  also  provided  to  predict  tha  rise  and  fall 
in  numbara  of  paraona  auffaring  from  aieknaaa  aa  tha  voyaga  prooeada  ovar  a  faw  hours  and 
over  aaveral  daya.  Ha  auggaata  that  habituation  to  motion  ia  laaa  on  daya  whan  tha 
magnitude  of  motion  ia  lew. 


l.t.S  naibad  Mataa  eaaat  ftuaaA  itudUa 

Hiker  at  al  (i979a,  1979b,  1910)  report  a  oompariaon  of  aaa  aioknaaa  among  IB  ceaat 
Quardamah  aboard  thraa  vary  different  graft  ataamiiig  alda-by-aida  in  aaa  atata  3  ever  an 
eetagonal  oouraa  for  4  houra  twice  a  day  for  thraa  daya.  Th%  qiatt  wara  a  29  matra  patrol 
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baab,  a  IIS  matra  cubtat  abd  a  (S'?  matra  amall  watarplana  acaa  twin  (SWATK)->  Tha 
veitieal  motisn  on  tha  patcoi  boat  tha  ranga  0.15  to  0.75  ma'‘  t.m.a.  (avat  tha 
fbaqueney  tanga  0.2  to  0.45  Hal/  tha  vattl.oal  motion  on  tha  cuttet  waa  in  tha  tanga  0.05 
to  0.27  ma'^  r.m.a.  (0.12  to  0.37  Hall  vactlcal  motion  on  the  SWATH  waa  In  the  range  0.1  to 
0.37  me’’  r.m.a.  (0.12  to  0.4  Ha).  Of  54  eptaodaa  of  vomiting,  63  occurred  in  the  patrol 
boat  and  one  aboard  the  SWATH  -  a  finding  conaiatant  with  tha  hlghar  magnitude  of  vertical 
fflotlori  In  the  patrol  boat.  Vomiting  and  leaser  aymptoma  of  motion  aieknesa  were  greatest 
whan  steaming  with  a  oomponant  of  head  aeaa.  Multiple  regression  analysis  of  data  from  the 
patrol  boat  showed  that  motion  aioknaaa  aavetlty  waa  greatest  when  motion  frequencies  were 
low  and  mAgnitiides  were  high;  de'oreaelng  the  magnitude  of  the  motion  or.  increaelng  the 
frequency  of  the  motion  resulted  in  a  decreeee  in  the  aeverlty  of  motion  aiaknesa.  The 
authors  auggaat  that  tha  data  support  tha  vlaw  that  motion  eloknaas  in  primarily  caused  by 
vertloal  translational  motion,  and  not  b^  roll  or  pitch  motion. 

A. furthar  study  waa  conduotad  to  compare  responaes  of  11  Coast  Ouardsmen  to  the 
motiona  aboard  tha  29  matra  patrol  boat  with  the  27  mntra  SWATH  during  one  day  In  dock  and 
two  days  at  tea  (Wl)ctr  and  Pappar,  1951).  Again,  there  was  more  aavara  motion  and  more 
aavira  motion  alckneaa  aboard  tha  patrol  boat.  Motion  aloknaas  sevtrlty  Iricraastd  during 
tha  eight  houri  at  aaa  aaoh  day,  Although  tha  motiona  ware  similar  on  tha  patrol  boat  on 
both  days  at.,aga,,  tfia  motion . alc)(naaa  was  appracthloly  graater  on  the  first  day. 


.. 


S ,  S .  <  Oavidi  H  Taylor  Naval  Ihip  Rai aareh  and  DavalepetaM  cantar  study 

A  four  day  aaa-keaplng  trial  on  a'  42.6  metre  Coast  Guard  Cutter  yielded  data  on  ship 
motion  and  craw  aloknaas  whlla  sailing  around  an  ootagon  coursa  asvan  times  (Applebae  at 
si,  1960),  Each  leg  of  the  oouraa  lasted  30  minutes,  commencing  wit)i  head  auas  and 
subsequently  turning  45  degrees 
to  port  until  tha  ootagon  was 
oompletad.  Vassal  motions  ware 
maaiurad  In  earth-referenced 


i 


ansa  at  tha  centre  of  gravity 
and  in  a)ilp-referaneeo  axes 
within  tha  pilot  houaa  and  tha 
mesa.  Tht  vartlcal  motiona  and 
pereentagt  of  craw  reporting 
aldknafa  ware  greatest  with  head 
seea  and  least  with  quartarlng 
and  following  aaaa. 

Slgnlfioant  aiokneas 
ooouired  among  tht  small  ortw 
evan  In  aaa  state  4,  The 
parountage  raporting  to  bt 
mentally  or  phytiaally  Impelrad 
by  althar  “aaaale*  only''  or 
"asaalok  and  exoaralve  ship 
motions"  vat'lad  betwean  0  and 
6SI.  Flgiira  4  ahowa  tha 
variation  of  this  mtaauce  of 
aiokneas  with  heading  for  the 
six  runs  around  the  ootagon  for 
whlqh  It  is  available.  Figure 
4  aleo  shows  the  equivalent 
variation  In  the  motion  normal 
to  the  deck  aurface  in  tha  crew 
mesa,  on  some  runs  there  it 
evldanca  of  tha  aavarity  of 
motion  aiokneas  aymptoma' lagging 
behind  the  severity  of  the 
motion  but,  generally,  the 
motion  ticjtneae  varies  In  a 
aimilar  mannor  to  the  magnitude 
of  vertloal  motion, 

Figura  S  shows  the  relation 
between  motion  and  motion 
aiokneas  over  the  ootagon  course 
for  the  elk  runs.  tt  is 
apparent  that  eema  habituation 
ecourred  during  the  trial  so 
that'  'hhe  extant  of  symptoms 
deoraased  la  tha  runs  Increased 
Independently  of  changes  In  the 
magnitude  of  the  vertloal 
motion.  The  paraantaga 
reporting  aaa  aiokneas  la 
oonsiatantly  graater  than  the 
peroentage  who  would  be  expected 
to  vo(nlt  baaed  on  30  minute 
expoMurea  to  the'  .reported 
motiona  during  each  lag  of  the 
ootagon  and  the  motion  aloknaas 
dost  valua  (tee  Eeotlon  4.2). 


4a  ao  laa  i|o  ua  iro  aia  aao 
Haaidino  to  aaa  (dagraaal 

Tlrara  4  Variation  in  magnitude  of  Vertloal  motion  and 
motion  alokneat  during  alx  riine  around  an  ootagonal 
uuurat  in  a  42,6  m  OOaat  Guard  Cutter.  (From  Applebae, 
1960;  0  deq  oorreapunds  tn  head  hsaa) , 
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tigun  I  Raiition  batwttn  magnltudt  of  vtrtlcal  motion  and  motion  licknaii  during  six  rum 
around  an  oatagonal  oouraa  in  a  42. (  ro  Coast  Guard  Cuttar  (data  from  Applabaa,  1980), 


Thia  may  ba  partially  dua  to  tha  cumulativa  affaets  of  motion  axparianoad  prior  to  aaoh  lag 
(thara  Mai  appraoiabla  transit  tima  to  tha  location  for  tha  trials  and  a  30  minuta  period 
of  Msva  maaauramant  bafora  tha  first  tun) .  Rdditionallyi  tha  raportsd  aaa  sio)tnass 
raaponsaa  do  not  ntoaasarlly  imply  vomiting  as  pradlctsd  by  t)ia  motion  slcltnssa  dosa  valua. 

Applibaa  and  Baitia  (1984)  raport  aaa  trials  aboard  an  82  matra  Coast  Guard  cuttar 
during  whleh  both  motion  and  tha  effaota  of  motion  wara  monitorad.  Tha  magnitude  of  tha 
motion  and  tha  extent  of  aaa  aie)(naaa  varied  with  heading  ralativa  to  tha  aaa  and  the 
location  of  oraw  In  tha  vaiaal, 

3. a. 7  atudias  by  tha  Xaatltuta  a(  lauiid  and  Vibtatloa  aasaaieh,  x.i.v.h. 

Studies  of  motion  siel<nass  among  fara-paying  paasangars  on  ferries  around  the  British 
coasts  have  bean  reported  by  Lavthar  and  Griffin  (1988,  1987,  1888a, b).  The  full  sarlas 
of  investigations,  which  were  conducted  by  the  Institute  of  Sound  and  Vibration  Ressarch 
at  the  University  of  Southampton  in  England,  yialdad  data  from  20,029  passengers  on  114 
voyagaa  aboard  six  ships,  two  hovercraft  and  a  hydrofoil.  Passanger  charactaristlcs  and 
rsspomas  to  motion  ware  determined  by  maane  of  quaationnalras  administered  near  tha  end 
of  each  voyage.  Information  obtained  about  paasangars  from  the  quaationnaira  included 
thair  regularity  of  travel,  whether  they  had  felt  ill,  whan  they  had  first  felt  ill, 
whether  they  had  vomited,  whether  they  had  taltsn  antl-ssaaic)(naee  tablets,  how  much  alcohol 
they  had  consumad,  where  they  sat  on  tha  vassal,  thair  age  and  their  gender.  The  lllnaaa 
rating' Wasi  obtained  from  a  four  point  soalai  '1  felt  all  right',  'I  felt  slightly  unwell', 
't'felt  quite  iiy,  'I  felt  abaolutaly  dreadful'.  In  the  subsequent  analysis  theaa 
responses,  ware  sdoted  from  0  to  3  and  tha  average  determined  over  tha  groups  surveyed.  The 
veasel  motibns  were  measured  In  six  axes  (x-,  y>,  a-,  roll,  pitch  and  yaw)  such  that  tha 
ihstsntaneoua: motion  throughout  ovary  voyage  at  any  location  on  any  veasal  could  ba 
determined.  The  motiona  were  baaed  on  ahip-raferanoed  axes  (not  aarth-rafatanesd)  since 
it  was  dcns'ldatwd  that  these  motions  better  taprasent  tha  forces  axparianoad  by  paasangars. 


liSwtiher  and  griffih  (1986)  report  results  from  17  voyages  on  one  vasaal  where  tha  saa 
conditions  varied  from  calm  to  vary  rough,  tha  vertical  motion  varied  from  lasa  than  0.1 
mu'*  r.m.B.  to  almost  1,0  ms'*  r.mf.s.  and  the  inoldanoa  of  vomiting  varied  from  01  to  almost 
401.  trigure  6  illuetrstea  a  typical  100  s  period  of  ship  motion  on  one  voyage.  Tha 
variation  ip  motion  with  position  ip , thia  veasal  ia  diaouaaad  in  aaetion  3,3  below,  It  waa 
ifhawn  that  thara  wag  a  high  cdrralation  batwean  tha  a>axia  motion  of  the  vassal  and  bath 
vomiting  inoldanoa  and  illneaa  rating,  Although  a  algnlfieant  paruantaga  of  paaaangara  who 


0  10  too  0  su  too 


Tint  lit  TInti  (•) 

tine*  <  Aar;«l.atation  time  hiaturies  for  a  100  second  period  of  trsnelationsl  and 
rotational  motion  on  a  4000  tonne,  9y  metre  paeaenger  ferry  as  reported  by  lawthar  end 
Griffin,  19ae».  [Accelerations  relative  to  a  ahip-referenoed  co-ordinate  ayatem] 


felt  unweii  did  not  vomit,  there  was  a  high  correlation  between  vomiting  incidence  and 
iiineaa  ratings  acroaa  voyages.  It  was  found  that  the  mean  illness  ratings  iiiorsassd  with 
time  at  sea  and,  of  course,  the  number  to  have  vomited  also  innreased  sa  the  voyages 
piogressedi  Figure  7  shows  how  the  relation  batueer  vomiting  Inoidancw  and  vertical  motion 
and  the  relation  between  iilnesa  rating  and  vertloal  motion  changed  aa  the  voyages 
progressed.  It  was  shown  that  the  effect  of  exposure  time  could  be  incorporated  within  s 
measure  of  motion  dose  gvven  by  the  integral  of  the  aecelarstion  raised  to  a  power  of 
either  2  or  4  with  respect  to  time,  A  power  of  4  (equivalent  to  the  vibration  dose  value, 
see  British  Standard  6641,  1967«  Griffin,  1990)  provided  the  highest  oorrslation 
coeftieients  (0.66  for  vomiting  and  0.86  for  illness  rating)  but  the  advantage  of  this 
measure  over  the  more  easily  calculated  power  of  2  (rquivalent  to  r.m.s.  acceleration)  was 
not  great  (correlation  coefficients  of  0.63  for  vomiting  snd  0,66  for  illness  roting)  • 


«| 

I  •  aNli  •eetlerattan  (mi*  rmi) 


fisuM  f  Percentege  vomiting  incidence  and  lllneei  rating  as  a  funetlen  of  bha  naghltuda 
of  vertioal  motion  for  parioda  of  1,  2,  3  and  t  houra  as  raportad  by  tawther  and 
Griffin,  1996,  [Data  obUinad  on  «  4000  tenna,  99  (Mtre  paaatnfar  facryi  aaoh  point 
represents  one  voyage;  Spearman'S  rank  oorralation  ooeffioisnti  also  shewn] 
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rigux*  I  Av«r»9«(l  «oo«leratlon  power  spectral  denalty  lunetiona  tor  various  voyages  on 
five  passenger  vessels  as  reported  by  Lawther  and  Qrlffin^  19G.B,  [Vessel  li  67  metres/ 
vessel  2i  99  metres/  vassal  3i  109  metres/  vessel  4|  121  metres/  vessel  Si  130  metres, 
Aeealetatlans  apply  to  the  centre  of  each  vessel  and  are  relative  to  shlp-tofsrenoed  co¬ 
ordinate  systems,  Frequency  resolution  0,01  Hi.) 
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rifttca  •  Averaged  aocaleratlon  power  speobcal  density  tunotlons  for  various  voyages  on 
hevsrorsft  and  a  hydrofoil  as  reported  by  Lawther  and  Oriffin.  ISIS,  tVaaael  7i  hydrofoil 
(translational  ases  only)/  vessel  I.  81  metre  hovsrersft/  vessol  It  37  nstre  hovererpfti 
Aeselerstlens  apply  to  the  centre  of  aaeh  vepeel  snd  ate  rslstlvs  to  orsfh«rsferenosd  so* 
erdinata  aystsms.  freguenoy  rssoiutlon,  0,01  Ho,] 
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i-tiili  leealtritlon  (mr^nnil  wotli'illon  lmr*rmtl 


fifttil  10  Vomiting  Incidanoc  «nd  illnesa  rating  aa  a  lunctlon  of  the  magnitude  ot  vertical 
motion  during  3  hour  voyagaa  on  four  different  ships  as  reported  by  Lawther  and  Griffin, 
ISSSa.  [Each  point  represents  one  voyagel 


A  similar  analysis  using  data  from  all  vessels  is  reported  by  Lawther  and  arictln 
(198Ba).  figure  8  Illustrated  the  average  spsetta  for  eaoh  axis  of  motion  obtained  from 
all  voyages  in  five  of  the  ships  which  varied  from  67  to  130  metres  in  length  and  from  12S5 
to  7003  tons,  figure  9  shows  similar  averaged  speotra  for  the  two  hoveroraft  and  the 
hydrofoil  -  the  hyorofoil  data  were  only  obtained  in  aalm  seas,  Figure  10  shows  the  high 
correlation  between  r.m.Si  vertical  acceleration  averaged  over  3  hours  and  both  the 
vomiting  Incidences  and  illness  ratings  on  ships  over  the  same  period.  The  data  suggest 
that,  over  a  three  hour  period,  a  vertical  motion  ot  0.6  ms*'  r.m.s.  will  result  in  about 
209  of  persons  vomiting.  The  average  illness  rating  for  this  exposure  is  about  1.0  - 
equivalent  to  everyone  feeling  'slightly  unwell',  ot  S09  feeling  'quite  ill'  end  SOS 
feeling  'all  right',  sto.  Oats  from  the  hovercraft  were  shown  to  fit  the  eame  relation 
between  the  magnitude  of  vertical  motion  and  sieicness  sftei  the  motion  had  been  frequency 
weighted  (using  weighting  W,,  aee  below)  to  teduoe  the  importance  of  high  frequency  motion. 
Using  this  frequtncy  wsighting  snd  the  previously  defined  measures  of  motion  dose  it  was 
sgain  found  that  there  waa  a  alightly  better  correlation  ualng  a  power  of  4  (i.e.  VDVI 
rather  than  a  power  of  2  II. e,  t.m.a.).  However,  the  difference  was  again  umall  and  the 
authora  conoluda  that  bctli  vomiting  inoidance  and  iilneaa  rating  were  linearly  related  to 
the  r>m.a.  vertical  motion.  Figiita  U  shows  these  relations  for  all  vessels  on  sll 
voyages. 


i-ixli  ssHliriilen  deii  Ithi'**)  s.asli  aisiitrstlsn  dess  Imi't*) 


rifim  It  Vomiting  incidenge  and  illnati  rating  as  a  tunotien  e(  tha  magnitudt  at  vartieal 
rngtion  tapreiiad  aa  a  deisi  top  Ciguris,  dess  ■  tJaMtldt)*)  bottom  figucas,  deaa  - 
(Ja'(t)dtl*.  [Data  from  Lawther  and  griffin  (18884)  obtalntd  with  8  ships,  2  hovaroraft  and 
1  hydrofoil;  hovercraft  data  frtquancy  wsightad.  taah  point  rsprsianta  one  voyage.] 
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From  th*  queitionnalra  data  ebtalnad  in  tha  abova  ttudiaa,  Lawthar  and  dtiffln  (1986#) 
ceport  that,  ovarall,  7.0t  of  paaaangari  vomited  at  tome  time  on  their  journey,  21.31  felt 
'alightly  unwell',  4,3%  felt  'quite  ill'  and  4.1%  felt  'abaolutely  draadful' .  Vomiting 
incidenoe  and  illnaaa  ratlnqa  were  greatest  in  lamalaa  (a  mala  to  femala  ratio  of  3  to  5) 
and  there  waa  a  slight  deoreasa  in  sensitivity  with  Inoreaslng  age  (mostly  due  to  inoreased 
sensitivity  among  those  aged  leas  than  IS  years) ,  Vomiting  Inoidenoe  and  illness  ratings 
were  greater  in  paasengars  with  least  sxperianee  of  sea  travel.  Twice  as  many  passengers 
vomited  in  tha  group  talcing  anti-motion  sieltnast  drugs  as  in  the  group  not  taking  drugs  - 
an  effect  attributed  to  a  greater  uee  of  drugs  among  passengers  who  sre  mors  susoeptible 
to  motion  sickness.  Consumption  of  alcohol  during  the  voyages  wss  associated  with  s  lower 
incidence  of  vomiting  end  lllneai  -  possibly  beosuea  those  ausoaptible  to  sickness  ars  less 
likely  to  drink  when  exposed  to  mctlon. 


3.1  iCfeok  e(  Maiblon  in  vessel 

Chinn  et  ej  (1933)  obaorvsd  that  during  drug  trials  on  five  crossings  of  the  Atlantic 
in  transport  ships,  ths  sea  sickness  waa  iasst  ftequant  among  those  quartered  smidahlps  and 
inorsassd  among  those  quartered  to  the  fore  and  those  quartered  to  tha  eft.  Handford  at 
ai  (1954)  reported  a  similar  finding.  Prom  ths  results  of  15  oroseings  of  tha  Atlantia 
Ocean  It  waa  found  that  there  waa  sieknaaa  in  17. 9%  of  troops  quartered  midships,  23.7% 
among  those  quartered  fora  and  32.6%  among  thoaa  qusrterad  aft  (Anon, 1956). 


In  thair  surveya  of  sea  aioknsse  on 
paasangar  ferries,  Lawthat  and  Griffin 
(1966,  1987,  19B6a,bl  measurad  the  vassal 
motions  so  as  to  he  able  to  osloulata  the 
different  motions  txptrianosd  by  different 
groups  of  pasiengars.  Pigucs  12 
illustcatm  how  the  aocslerstion  power 
spsotra  of  metions  on  out  vessel  varied 
with  iongitudinai,  lateral  and  vsrtiosl 
position  within  ths  vessel,  Since 
vertical  motion  waa  shown  to  be  the 
dominant  cause  of  sea  sloknesa,  the 
variation  from  bow  to  stern  la  of  greatest 
importanoe. 

In  ships,  the  less'',  vertical  motion 
(and  lowest  incidence  of  motion  sickness) 
may  be  expaetsd  amidships  -  unless  this 
location  is  worst  for  aomt  other  reason 
aunh  as  t  more  rettrioted  visual  field. 

On  hovaroreft  there  Is  sppreolsbly  mors 
motion  at  tho  front  and  mors  sia)cnsts  may 
be  expected  et  this  location  (Lswthir  and 
Griffin,  1986b| , 

1.4  If  leek  of  eubjeok  ahmokktiakige 
1,4,1  dendkx 

Two  studlae  at  aea  heva  found  famalta 
to  be  more  auaoeptible  to  motion  uicknets 
than  males,  and  almiler  findings  have  betn 
reported  in  laboratory  axperimants  (sis 
Griffin,  1991).  Nieuwanhul jitn  (1958) 
reported  that  famslea  were  more 
susoeptible  then  malee  (in  the  ratio  3i2), 
Uiing  data  from  one  ship,  Lawthar  and 
Griffin  (1966)  found  a  ratio  of  Si3i 
Lawthar  and  Griffin  I19e6b)  showed  that 
tha  effect  occurred  in  all  age  groups  over 
15  years  and  that  it  waa  not  due  to  tho 
Incrssaed  use  of  anti-metion  sickness 
drugs  among  femsiea.  Indeed,  tha  effaot 
was  greeter  among  psstengera  not  ts)(ing 
drugs  (e  female  to  male  ratio  of  1.67  to 
1)  than  among  drug  tskera  (1.15  to  1).  In 
oontrast.  Levy  and  Itepepotk  (1965)  report 
partioipating  In  a  drug  trial  aboard  large 


FigUM  It  Variation  in  tha  aaoclarstion 
power  epeotrs  of  translational  motion  as  s 
function  of  position  in  a  ship  (from  Griffin, 
1990). 


no  dlfferanoe  between  tha  mtlas  and  femsiet 
sailing  yachts. 


1.1. a  Ate 


Chinn  at  si  (1952)  observed  that  on  a  troop  ehlp  the  Inoldanea  of  vomiting  declined 
with  inorssslhg  agei  whan  including  those  who  received  sotlvs  drugs  thare  ware  33.6%  who 
vomited  in  tha  age  range  17  to  20  yeara  while  14,2%  of  those  in  the  range  30  te  39  vemited, 
Chinn  ef  eJ  *11963)  again  obaerved  that  the  incidenoe  of  sloknesa  on  transroft  ships 
dsoraased  with  inereasing  age  betwesn  17  and  39  years.  Handford  et  el  (1954)  found  s 
similar  trend  with  33%  vomiting  inoidenoe  among  troops  less  than  20  years  of  age  and  13.. 3% 
vomiting  among  those  over  49  yeara  of  esa,  Using  data  from  troopi  on  IS  orossings  of  the 
Atlantia  Ooeen,  «  olaer  age  affect  hsi  bean  reported  with  35.1%  aiolt  ifflong  those  aged  17 
to  19  years,  22,3%  among  these  aged  20  to  34  ye^'i,  ie.1%  among  those  aged  25  te  29  years 
and  9.7%  among  those  aged  over  30  years  (Anon,  1960 ,  Nleuwenhui  jsen  (1951)  reported  e 
non-linaer  daoUne  in  suaoeptlbillty  with  inoioasing  age. 


n. 
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Lawthcr  and  Oififfln  <1988b)  found  that  both  vomiting  ineidanca  and  lllnaas  rating! 
among  paaaangaea  balow  the  age.  of  13  yaare  were  about  double  thoae  of  older  paaaengera. 
Above  the  age  of  13  yeara  there  waa  a  alight  decline  in  illneas  ratlnga  with  Increaaed  age 
but  no  change  in  vomiting  inoidance. 

1.4.3  VMtlbttlair  (uitotien 

Minor  (1696)  reported  that  he  had  obaeruad  deaf  mutea  to  be  immune  to  aea  aieicnaaa  and 
conoludad  that  the  problem  waa  eauaed  by  "irritation  of  the  aemioirouiar  oanaia".  He 
mentioned  aoma  experimental  reaulta  (involving  rapid  turning  around)  in  support  of  the 
conoluaion  that  a  solution  of  cocaine  dropped  into  the  ears  waa  a  moat  valuable  remedy  for 
aea  aioknaaa.  Among  laboratory  atudiaa,  Sjdbsrg  (1931)  reported  that  three  deaf  woman 
failed  to  become  alo)c  when  raiaed  and  lowered  by  a  crane  in  a  manner  which  osuaed  others 
to  become  alck. 

Kennedy  et  ai  (1966)  compared  slo)cnaaa  in  twenty  control  subjects  and  10  labyrinthine- 
defective  subjaota  during  a  28  hour  voyage  in  a  small  vessel  in  vary  aavara  aaaa.  While 
the  labyrinthine  defaotiva  aubjeota  mainly  exparienced  only  drowalneaa.  15  of  tha  20 
control  subjects  vomitad  and  Che  other  five  fait  rather  ill.  The  authors  conclude  that  the 
praaenee  of  vaatibular  function  la  naoeaaary  for  sea  ilcicnaaa. 

1.4.4  teafcuce 

Wollaston  (1609)  offered  a  theory  of  sea  aicjtnesa  baaad  on  the  motion  oauaing  movement 
of  the  blood  and  intsstinea.  He  referred  to  a  friend  who  achieved  fr°<n  aea  aloltneaa 
by  lying  on  the  deel<  with  his  head  towards  tha  stem  of  the  vessel,  it  was  auggaatsd  that 
with  pitch  motion  of  tha  vassal  when  lying  in  this  posture  ha  waa  in  a  position  equivalent 
to  descending  bac)cwarda  in  a  awing  and.  unlijce  descending  forward  in  a  awing,  there  waa  no 
tendency  for  tha  motion  to  force  tna  blood  towards  the  head.  Irwin  (1861)  refers  to  "the 
weij-known  fact  that  sea-aichneas  ia  least  felt  In  Che  recumbent  posture,  with  Che  head  low 
and  the  feet  Cowards  tha  stern"  and  offara  an  explanation  baaed  on  the  anatomy  of  tha 
vaatibular  ayatem  and  tha  intent  of  nature  to  provide  for  body  aquiiibrium  in  a  vertical, 
but  not  e  horliontal.  orientation.  Brooica  (1939)  advooatei  a  prone  posture  with  tha  head 
raiaed  vary  iittla,  if  at  all.  faoing  away  from  tha  aea. 

Studies  with  mors  than  2100  soldiers  on  lending  craft  found  that  thsrs  waa  2S(  to  42% 
provalencs  of  sio)(nasa  when  the  men  crouched  (or  up  to  3  hours  but  only  5  to  19%  sic)tnssa 
when  they  ware  allowed  to  stand,  apart  from  the  last  ten  minutes  before  reaching  the  beach 
(Tyiet.  1946)  ,  The  increased  Bic)(naas  when  crouched  might  be  due  to  the  different 
orisntaCion  of  tha  head  or  Che  reduction  in  external  vision. 

Several  studies  have  raporttd  that  motion  sialtneBS  increases  when  crew  leave  their 
slaaping  quarters  (e.g.  Handford  oC  ai  1953)  Kanda  at  ai.  1977)  Goto.  1961) .  Studies  of 
the  effecta  of  head  position  and  body  orientation  on  Bln)cnisB  induced  by  the  drug 
apomorphlne.  tavealed  t)iat  vomiting  was  tar  lass  when  subjects  were  supine  (Isasoa.  1997)  . 
The  benefit  was  shown  to  be  due  to  the  supine  poeture  of  the  body  and  not  from  the  changed 
orientation  of  the  head. 

3.4.1  Visual  field 

Loo)(ing  at  the  hotiron  is  commonly  said  to  reduce  tha  incidence  of  see  ■ic)tnaeB,  while 
worltlng  below  dec)(  with  no  external  visual  field  will  Increase  sickness.  Studies  at  sea 
have  not  clearly  separated  the  Influenoa  of  the  ohangc  in  tha  visual  field  from  the  ohangea 
in  tha  motion  and  the  changes  in  body  posture  t)iat  occur  with  different  loaations.  for 
example.  Tyler  (1946)  found  that  a  crouching  posture  gave  riae  to  increased  motlcn  slcknaas 
on  landing  craft  but  waa  unsure  of  the  extent  to  which  Che  affaet  was  due  to  the  posture 
or  the  inability  of  the  soidiera  to  see  over  the  gunwales. 

Tha  widely  aeoepted  benefit  of  a  view  of  the  horixon  la  largely  based  on  the  personal 
experience  of  many  aallora.  Controlled  studies  have  not  been  conducted  to  determine  the 
precise  requirements  for  the  visual  field  to  be  beneficial  or  how  thin  benefit  could  be 
simulated  without  an  external  view.  The  percentage  of  persons  who  benefit  from  'viewing  the 
horizon'  Is  also  unknown. 

1.4.4  Aotlvitiga 

Some  old  accounts  of  sea  sioknass  advocate  the  benefits  of  taking  ictivo  exeroise  so 
as  to  lessen  Che  signs  and  symptoms  of  motion  sickness  (e.g.  Savory.  1901)  Brooks.  1939). 
Among  troops  crossing  the  Atlantic  Ocean  the  type  of  duty  did  not  appear  to  affect  the 
incidenoe  of  slcknese  (Anon. 1956). 

1.4.7  •usesptltoilUy  to  difftsMt  ty|Ms  el  Mtien 

Kennedy  and  Oraybiel  (1962)  Skpoaed  21  subjects  to  motion  in  a  alow  rotation  room, 
aerobatics  in  an  .lirerift  snd  to  heavy  and  oalm  seas  in  a  19  metre  boat.  They  report  a 
correlation  between  findinge  in  the  alow  rotation  room  and  sickness  in  heavy  seas.  Kennedy 
eC  ai  (1968)  also  report  a  significant  correlation  between  the  speed  with  whioh  control 
subjeuts  succumbed  to  siokness  at  sea  and  their  sueoepbibiiity  to  siokness  in  a  alow 
rotation  room. 

1.4.1  lledebo  eflMt 

It  ia  often  auggaatad  that  the  administration  of  an  alisgsd  remedy  may  be  auffloienC 
to  reduce  the  inoidenoe  or  eeverity  of  motion  siokness.  Tylat  (1946)  found  that  in  studies 
with  983  soldiers  in  landing  oraft  theaa  given  k  plseebo  drug  suffered  from  liokness  to  a 
similar  degree  to  those  not  provided  with  any  medioetion.  In  oontreet.  during  a  atudy 
using  wives  generated  in  a  tank.  Slaiet  and  NoCanoe  (1999)  found  that  there  wat 
significantly  leaa  vomiting  among  men  taking  a  plseebo  than  among  men  taking  no  medioatlon. 


When  paasangtl;*  ohoea*  whathaif  to  taka  anti-motion  aloknasa  dtuga  thata  la  jraatar 
slckneaa  among  thoaa  who  take  the  dcuga  than  among  thoae  who  do  not  (Nleuwenhul jaeOf  19S6; 
Lawther  and  Oriffin^  1986b) ,  Paasangera  praaumably  taka  the  druga  bacauaa  they  believe 
that  they  may  reduce  or  eliminate  alckneaa.  The  high  Incidence  of  aickneaa  among  drug 
takara  auggeata  chat  neither  the  active  componant  of  aueh  druga  nor  the  plaoabo  effaet  of 
consuming  the  dcuga  are  aufficient  to  oountaraot  the  Inocsaaad  eusceptifaility  to  motion 
aickneaa  among  thoae  who  believe  it  la  both  neaaaaary  and  banaficial  to  taka  anti-motion 
sicknaaa  druga. 

3.4.1)  Kahltuatlen 

Various  studies  have  shown  that  the  inoidanoe  of  sickness  declines  after  a  pariod  of 
ekpoBura  to  motion  and  two  or  thre|a  days  is  often  quoted  as  tha  period  required  for 
Significant  habituation  (see  Glaser  and  Hsrvsyi  19Sii  Bruner,  195Si  Glaser  and  MeCanoe, 
1959/  McCauley  at  ai,  1976/  Kanda  at  alt  1977/  Goto  and  Kanda,  1977/  Attias  at  al,  1987). 
However,  a  previous  exposure  to  tha  motions  of  ships  does  not  guarantae  immunity  to  sea 
aickness.  For  example,  a  tamoua  English  Admiral,  Horatio  Nelson  (1758  -  1805)  was 
continuing  to  complain  of  aaa  sickness  after  a  career  in  which  he  had  spent  more  than  6300 
days  at  ata. 

3.4.10  Other  efleeta 

A  trend  towards  greater  aaa  sickness  among  heavier  men  was  found  in  studies  of  troops 
crossing  tha  Atlantic  (Anon,  1956). 

Lawther  and  Griffin  (1988)  found  that  paasangsra  who  had  rarely  or  never  travelled  to 
aea  before  had  a  greater  incidence  of  vomiting  and  greater  illneas  ratings  than  those  wiio 
travelled  mere  frequently. 


4 ,  ■TAMDAKDI  WCH  MlltllMO  IBIf  NOTION  WITH  MiriCT  TO  ■■It  iZOIOIlii 

4.1  tnkernatienel  Itandard  3131  >ert  1  (IMI) 

This  standard  suggests  tha  magnitudes  of  vertical  motion  in  the  frequency  .anga  0.1 
to  0.63  Ha  which  will  causa  vomiting  in  aeatad  or  standing  young  fit  males.  Tha  magnitudes 
are  specified  for  axpoauras  of  30  minutes,  2  hours  and,  tentatively,  sight  hours.  Tha 
magnitudes  and  durations  are  in  an  inverse-square  relationship  to  that  doubling  the 
magnitude  of  the  motion  la  equivalent  to  a  four-fold  Inorsats  in  tha  exposure  duration. 
The  dependence  of  motion  aickness  on  motion  frequency  given  in  this  standard  it  such  that 
aenaltivity  to  acceleration  is  geeataat  between  Q.l  and  0.315  Ha  and  than  falls  so  that  the 
acoalaration  magnitudes  required  to  produce  ticknatt  at  0.63  Hs  are  3.15  times  greater  than 
those  required  to  produce  aioknass  at  0.315  Hs  end  below  (see  rigure  14  below).  The 
contents  of  this  standard  were  formerly  known  as  ISO  2631  Addendum  2  (1982) . 

4.1  Ititieh  Itandard  6141  (1117) 

This  standard  defines  a  frequency 
weighting  (W,)  to  be  used  for  asstssing 
vertical  acceleration  over  the  frequency 
range  0.1  to  0.5  Hs.  The  weighting  is 
formulated  mathematieally  so  that  it  can  be 
inoorporated  within  analogue  or  digital 
filters  -  but  a  simplified,  straight  line 
approximation  is  also  defined.  This  has 
maximum  sensitivity  (i.e.  unity  gain)  in  the 
range  0,125  to  0.25  Hs  where  bensltivity  is 
drpendant  on  acceleration.  Between  0.25  and 
0.8  Hs,  sensitivity  falls  at  12  dB/ootave  so 
that  response  ia  dependent  on  tile 
displacement  associated  with  the  motion.  The 
shape  of  tha  weighting  was  mainly  influenced 
by  laboratory  studies,  its  derivation  has 
bean  detailed  by  Lawther  and  Griffin  (1987) 
and  la  compared  with  some  laboratory  data  in 
Figure  13,  Other  information  ia  provided  in 
Griffin  (1991). 

British  Standard  6841  also  defines  a 
means  cf  prediating  the  incidence  of  aiolcnesa 
due  to  varying  durations  of  s-axis  vartieal 
fflotlon.  A  'motion  siekness  dose  value', 

MSDV,,  is  defined) 

motion  sickness  dose  value,  MSDV,  -  a,„t‘" 

where  s„.  is  the  root-mean-square  aoceleration  (in  ms'*  after  frequency  weighting  using 
weighting  W,)  determined  by  linear  integration  over  the  period  t  (eeoondsl . 

Tha  standard  says  that  tha  parcentage  of  unadaptsd  adults  who  will  vomit  Is  given  byt 
peroantags  who  may  vomit  w  Vi  MSDV, 

Doubling  the  magnitude  of  the  motion,  or  a  four-fold  inorease  in  eMposure  duration.  Hill 
therefore  double  the  predicted  incldanae  of  vomiting.  Tha  etenderd  statae  that  the  above 
raletlona  are  baaed  on  axpoauraa  lasting  from  about  20  mlnutas  to  six  hours  with  a 


rigure  IS  'Normallaed  vomiting  inoldenoe' 
for  2  h  axpoauras  t  weighting  H,  from 
British  Standard  6841  (1987).  (Data  from 
HoCaulsy  et  tl  1976/  nermaliiad  vomiting 
inoidanoe  ■  (t  vomiting) / (r.m.s. 
acoalaration,  ms*')] 
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prevalence  of  vomiting  up  to  704.  Figure  14 
ahowa  the  coot-mean*square  acceleration 
required  for  104,  204  end  404  of  persona  to 
vomit  due  to  2  hour  sKpoeurea  to  motiona  in 
the  frequency  range  0,1  to  0,5  Hz,  The  peak 
dlaplaoementa  oorreapondlng  to  these  values 
are  shown  in  Figure  IS. 


4,3  Other  ■etheds 

The  data  from  various  studies,  and 
common  experience,  auggeata  that  problems 
from  motion  alcknesa  are  greatest  on 
smallest  vessels.  Pathybeidge  U982) 
reported  the  results  of  a  survey  of  motion 
aiekneei  among  crews  of  various  British 
Royal  Navy  vessels  and  determined 
mathematiosl  relationships  between  the 
incidence  of  slokness  and  vessel  aise.  For 
example,  with  displacements  of  200  tons, 
1000  tons,  5000  tons,  10000  tone  and  20000 
tons  the  predicted  incidence  of  motion 
alckneas  was  674,  624,  504,  414  and  294 

caapsctlveiy.  In  this  study,  motion 
aicknasa  iiicidancs  included  any  of  the 
varied  symptoms  of  motion  sickness  and  was 
not  reatricted  to  vomiting. 

Only  two  series  of  studies  at  sea  have 
resulted  in  suggested  methods  of  asaeasing 
ship  motion  with  respect  to  motion  sickness. 
The  findings  from  the  studies  by  Lawthar  and 
Griffin  are  embodied  in  Che  motion  aiokneas 
dose  value  procedure  defined  in  British 
Standard  6641  (1967),  The  studies  of  Goto 
et  si  lad  to  a  prediction  method  which  is 
somewhat  mote  complex  but  has  some 
similarities,  Unlike  other  procedures,  the 
method  allows  for  the  percentage  of  siok 
parsons  to  fall  during  a  voyage  and  for 
motion  slokness  to  decrease  on  aubaaqusnt 
voyages  (see  Seotion  3,2.4  above), 

From  the  results  of  laboratory  studies 
of  motion  sicknaas  caused  by  vertical 
osoillstion,  a  aeries  of  formulae  for 
predicting  motion  slokness  inoidenos  (MSI) 
ware  proposed  by  O' Hanlon  and  MoCauley 
(1974),  McCauley  and  Kennedy  (1976)  and 
MoCauley  at  si  (1976),  The  method  applies 
to  motion  in  the  frequency  range  0,08  to 
0.63  Hz  with  maximum  sensitivity  to 
soceleration  at  about  0.16  He,  The 
sflsumption  that  MSI  will  vary  with 
acceleration  and  with  time  in  ogival  form 
(i.e.  a  cumulative  normal  distribution) 
resulted  in  mathematical  operations  somewhat 
more  complex  than  those  requited  to 
calculate  vomiting  incidence  using  Che 
motion  sickness  dose  value.  Motion  aioknass 
incidence  (MSI) ,  expressed  as  a  percentage, 
is  assumed  to  be  the  product  of  a  term 
representing  the  influence  of  motion 
magnitude  and  frequency,  P„,  and  a  term  expt 

MSI 


Flguso  14  Verticul  acceleration  expected  to 
cause  104,  204  and  404  vomiting  during  2  h 
expoauraa  from  British  Standard  6841  (1987) , 
(104  vomiting  incidence  in  2  h  according  to 
ISO  2631  Ft  3  alao  Shown,  Flgura  from 
arlttln,  1990). 


Kiguce  IS  Peak  displacements  of  vertical 
sinusoidal  oscillation  required  to  produce 
104,  204  and  404  vomiting  incidenoe  during 
2  hour  exposures  according  to  British 
atoiiderd  6641  (1987).  tFlgute  from  Griffin 
(1990)1 

isslng  the  affect  of  motion  duration,  F,) 

-  100  F.  F, 


The  term  F,^  ie  ualoulated  from  i  term,  S|,  quantifying  the  affect  of  magnitude  and  frequency 
and  a  term  deacrlbin^  the  form  of  a  cumulative  normel  diitribution  (in  prectlce  thia  may 
be  obtained  from  atetiaticai  tablee) ,  The  effect  of  megnitude  and  frequency  waa  determinud 
from  a  curve  deaoribing  the  acceleration  required  to  produce  vomiting  at  varioua 
frequenclea  In  SOI  of  pereons  during  two  hour  expoeuree,  The  mathematical  expreseion  may 
be  written  eai 


•  2. 13  log, jS  -  9 ,28 log,,/  -  6 . 81  (log,,/)  ’  -  1.85 


Hhere  a  le  the  r.m.s.  eoceleration  in  gi  t  it  the  frequency  in  Hs.  The  term  F,  le 
oalculeted  similarly  to  give  e  vslue  for  Sri 
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Ir  “  alogjjt  +  1,13  2^-2.90 


wh*i:<i  I;  la  the  expoauca  time  in  minutae. 

Values  of  F,  and  F,  are  obtained  by  oonsuiting  a  table  of  the  normal  deviate  e  at  the  values 
of  and  1,  respectively ,  For  example,  with  a  60  mini.  .exposure  to  an  acoeleration  of  2,1 
ms'*  r.m.a.  (l>e.  0.21  g  r.m.a.)  vertical  sinusoidal  -  xton  at  0,2S  Hs,  •  0.19  and  r,  - 
0.67  so  Ft  -  0.57  and  F,  »  0.81  giving  a  predicted  motion  alcknesa  inoidenee  of  46%. 

Lawther  and  Griffin  (1967)  compared  the  extent  to  which  prediotiona  derived  from  the 
above  procedure  for'celculatlng  motion  siekneta  incidence  (MSI)  differed  from  the  procedure 
for  calculating  vomiting  incldanoa  from  the  motion  aloknaaa  dose  value  (MShV,) .  It  wes 
■hewn  that  tha  frequency  weightlnge  were  similar  and  that  the  dependence  of  vomiting  on 
acceleration  magnitude  end  duration  ware  limilat  for  magnltudea  up  to  about  2.5  ma'’  r.m.s, 
and  duratlona  up  to  about  6  hours.  It  appeared  that  the  dlffaranoee  between  the  methods 
ware  not  auffleient  for  the  available  data  to  Identify  either  method  as  being  appraclably 
more  accurate  than  tha  obhar .  The  MSI  procedure  has  an  advantage  of  not  being  capable  of 
predicting  a  vomiting  incidence  greeter  than  1001,  although  In  practice  this  does  not 
appear  to  be  a  algnlfioant  problem  with  the  motion  slekneaa  dosi  value  procedure.  The 
motion  aloknees  dose  value  prooedura  may  fit  tha  available  data  slightly  battar  at  low 
incidenesa  of  aloknaae  end  allows  the  prediotion  of  illnaaa  rating  ee  well  as  vomiting 
incidence.  Additionally,  tha  motion  aiokneas  doae  value  is  aeslar  to  oaloulate  and 
providaa  a  oonveniant  standardiied  method  of  quantifying  low  frequency  motion. 


S.  VMVIMTIOH  or  NOTION  ■ICKNII8 

A  Wide  variety  of  drugs,  potions  and  behaviours  have  bean  advocated  for  lessening  the 
p.oblema  of  see  SlokhaSi.  Mihy  recommendatioha  appaarihg  in  the  early  acientiflc 
literatui.e  appear  to  be  based  on  personal  experience  or  anecdote  and  are  not  supported  by 
controlled  studies.  Today,  many  individuals  going  to  sea  still  adopt  procedures  that  have 
not  been  proven  effective  by  conventional  acientiflc  methods.  Statistically  significant 
benefits  to  groups  of  travallori  from  tha  oonsuraption  (or  avoidance)  of  certeln  foods  and 
drinks  or  the  use  of  verioua  commareitl  devices  have  yet  to  be  proven. 

Some  beheviourlai  changes  may  help  minimise  the  likelihood  of  sea  slnknosa.  Those 
that  can  be  raoommanded  with  moat  uonfidanos  involve  minimising  exposure  to  low  frequency 
vertlcel  motion,  adopting  e  position  where  there  Is  s  distant  ekternel  view,  minimising 
motion  of  tha  head  end  eyes,  or  adopting  s  reoumbant  posture.  In  general,  learning  the 
true  nature  of  the  complex  vessel  motion  Is  likely  to  be  beneficial i  this  may  minlmiss 
oonfllct  beLwatn  Information  from  different  sensory  eyetemi  and  harmonise  the  various 
reflex  raeponsea  to  motion. 

Many  studisi  of  the  sffectivenaaa  of  drugs  in  minimising  motion  sickness  have  been 
conducted  using  Ikbouatcry  apparstus.  Most  Isborstory  atudits  have  bssn  oonduoted  using 
Coriolis  atimuistion  (see  Griffin,  1991).  The  sensory  mechanisms  involved  In  the 
production  of  motion  sloknesi  with  this  type  of  motion  may  not  bt  tha  same  as  thou 
involved  in  sss  sickness.  The  studiee  reported  here  are  raatrloted  to  Investlgetlens 
oonduoted  at  see. 

Helling  et  si  (1944).  report  an  investigation  of  various  drugs  on  mlnaswacpsrs  and 
trawlers.  Drugs  containing  atropine,  hyoioyeminr,  and  hyoiolne  provldsd  some  protection 
with  the  grseteet  protection  coming  from  hyoacine  (l.a.  hyoeoine  hydrobromlds,  also  oallad 
scopclamine  hydrobromida)  i  57%  were  proteotod  with  a  0.6  mg  doae  and  73%  were  proteotsd 
with  1.2  mg.  Hill  and  Quest  (1945)  found  hyosolne  was  tha  most  affective  drug  with  about 
80%  of  soldiers  in  landing  craft  protected  by  a  dose  reported  to  bo  10  mg.  Tyler  11946) 
also  found  that  hyosoins  (alone  or  combined  with  hyoscyamine,  etioplne,  or  barbitutiiLesi 
afforded  protection  in  landing  oreft. 

From  etudiae  aboard  troop  ships  crossing  the  Atlantic  Oooan,  Chinn  et  al  (1950) 
ooneiuded  that  hyosolne,  diohenhydremine  hydtoohlorlde,  dlmenhydrlnete,  trihexyphemldyl  and 
chlereyelliina  ware  ell  effective  in  reducing  tea  sicitnaas.  Chinn  et  si  (1952,  1953)  found 
useful  protection  with  a  variety  of  other  active  drugs  on  many  further  voyages.  Handford 
et  si  (1964)  rsported  a  study  oonduoted  on  a  voyage  eeroas  the  Atlantic  Ocean  which 
included  a  oomperlaon  of  hyosolne,  benedryl  and  pestafene.  Mhile  50  mg  of  benedryl  end  50 
mg  of  poatstane  ware  sffactiva,  a  doaa  of  1  mg  of  hyoaoine  provided  no  lignifioant 
proteotlon  from  aea  aloknaia.  A  later  atudy  (Anon,  1956)  found  lome  protection  with 
hyoaoine  but  the  greateit  benefit  wea  obtained  with  either  50  mg  of  medlisine,  50  mg  of 
cyclialna,  or  25  mg  of  promathazine.  On  three  trana-Atlan.io  voyagaa,  Trumbull  at  si 
(1950)  again  found  algnlfioant  banefita  from  EO  mg  doaea  of  both  eyollilna  and  maclialno) 
2.5  mg  of  phenglutacmlda  and  7.5  mg  of  olnnarStlne  also  afforded  aoms  proteotion. 

Glsaar  and  Harvey  (1951)  report  that  1  mg  of  hyoaoine  afforded  p  Lection  to  961,  25 
mg  of  phansrgan  proteoted  611,  end  25  mg  of  benedryl  protaoted  44%  of  men  on  imell  boats 
from  vomiting.  Using  ertiflolal  waves  in  a  ewlmmino  pool,  Glaser  and  Harvey  (1952)  found 
that  1  mg  et  hyoacine  (end  0.6  mg  hyoiolne  with  15  mg  prometheiina)  were  more  etteotive 
then  35  mg  prometheiina  hydrochloride.  A  1  mg  dose  of  hyoaoine  given  only  five  to  ten 
minutes  before  the  expoeure  to  motion  wee  effeotlva,  but  lees  effeotive  than  whin 
aiffilnletarad  75  minutes  bafora  tha  axpoaurt.  Glaaet  and  HeCanea  (1959)  cenBaead  four  drugs 
with  eoldiara  within  tantid  rubber  floats  in  a  wave-tank.  Again,  1  mg  of  hyoseine  provldsd 
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Che  gceeteat  pioteocion  fcom  vomiting  (BID.  A  SO  mg  dosa  of  cycllitlne  hydrochloride 
protected  581  whereat  25  mg  of  mecloilne  hydrochloride  and  8  mg  of  perphenartne  were  no 
better  than  a  placebo. 

Among  partlclpartB  In  an  ocean  youth  sailing  club,  Hargreavea  (1980)  reportod  that 
' seaalckneaa'  was  dKperlenced  by  578  of  a  group  provided  with  a  placebo  ana  by  268  of  those 
provided  with  15  mg  of  clnnecailne.  Treatment  oonalated  of  two  dosea  one  or  two  hours 
before  the  stort  of  crulaea  and  one  dote  every  six  to  eight  hours  at  tea.  A  aimilar 
procedurs  found  that  subject  reports  of  drug  effectiveness  were  similar  for  15  mg  of 
clnnaraslne  and  0.3  mg  of  hyosclne  (Hargreaves,  1982).  A  study  op  llfe-ratts  at  saa  for 
24  hours  found  that  both  0,3  mg  of  hyosclne  and  0.3  mg  of  hyosclne  combined  with  25  mg 
ephedrlne  hydrochloride  provided  useful  protection  from  sea  slcItnesB  (Tokols  cC  ai,  1984)  . 

levy  and  Rspsport  (1985)  rariort  benefits  of  hyosclne  when  edmlnletered  transdermally 
at  leest  eight  houra  before  sea  travel.  Attiaa  at  ai  (1987)  found  .hat  protactlon  provided 
by  trensdermel  hyoactne  wee  748,  738  and  398  ovar  thraa  days  at  aea  on  a  3000  Lcin  vessel. 
A  study  of  long  term  use  of  tranedarmsl  hyoioine  ett  sea  has  also  reported  benefits  (Shupsk 
St  SJ,  1989) . 

Ths  sffsetivsness  of  drugs  dspsnds  on  the  conditions  snd  the  tims  of  oonsumptlCn. 
Host  drugs  srs  ssld  to  bs  sultsbls  for  idmlnlstrstlon  about  half  an  hour  bsfors  axposurs 
to  motion,  but  clnnsrlslns  should  be  taken  about  2  houru  before  exposure.  It  Is  possible 
that  while  sens  may  have  s  protective  eucion  others  may  ba  more  effscclvs  thsrapsutieally. 

Many  drugs  hive  unwanted  effects  which  vary  between  individuals  and  range  fcom  Irlvlsl 
dlscomfoit  to  serious  Interfacenca  with  activities.  The  most  common  unwanted  slfecta  era 
dry  mouth,  drowsineas  and  headache.  The  wanted  and  ths  unwantsd  sf frets  of  drugs  may  have 
non-linear  dependencies  on  duss,  vary  between  Indivxdusls  and  depend  on  the  conaumptlon  of 
food  and  drink.  The  time  of  admlnlotratlon  and  mathod  of  administration  (oral,  transdermal 
or  Injactlon)  may  also  Influence  effectiveness.  The  preferred  drug  for  a  alngls  doss  may 
not  be  eppropclate  tor  continued  adminletratlon  ovar  ssvsral  deyi, 


<,  OZICOttZON  MID  COMCLDSZOm 


Laboratory  studies  hevs  shown  that  a  wide  variety  of  motions  can  givs  rise  to  motion 
sloknest.  Sloknsas  oin  bs  Inducad  by  tcanalatlonal  osclllstlon  (In  ths  vertical,  lateral 
or  fcra-srid-sft  dlrsctlons) ,  by  rotation  about  a  vertical  axis,  by  continuous  rotation 
about  an  off-vsrtlcsl  axis,  by  rotational  oscillation,  by  haad  movsmsnts  whan  totstlng 
about  a  vscticai  axis,  and  by  soma  othar  conditions  -  including  motion  of  tht  visual  scans 
(aaa  (Irittin,  1991) , 


It  la  ganarally  concluded  that  the  vscticai  motion  on  ships  la  prlmaclly  ctapnnslble 
for  sea  slcknaaa.  This  conclusion  arises  from  avldsnca  that  vertical  motion  alone  la 
sufficient  to  cause  the  eieknass  while  other  motions  alone  are  generally  inaufflolent  to 

oauee  alcknets. 


Fcom  date  obtained  during  c  range  of 
voyages,  Lawthar  and  Qrlffln  (19S8a)  found 
high  corralatlona  between  the  magnitudes  of 
motion  in  all  six  axes  on  vessels (  whan  the 
asa  was  rough  the  motion  tended  to  Incraese 
In  all  axes.  Cotrelstiona  between  motion 
sickness  (vomiting  prevalence  or  Illness 
rating)  and  tht  magnitude  of  motion  were  high 
for  ell  axes,  Lut  the  s-smIs  motion  and  the 
pitch  motion  gave  the  highest  correlations. 
Using  multiple  regression  snelysls,  after 
including  the  s-axls,  the  addition- of  other 
axes  into  the  ragcaeslon  only  marginally 
improved  the  overall  regression  coefficient. 
Lawthar  and  Griffin  (1987)  showed  e  high 
correspondence  between  motion  slokness  data 
obtained  at  aaa  and  data  obtained  in  the 
laboratory  by  oonslderiug  only  verblcel 
oscillation.  Figure  If  cotsparee  vomiting 
incidence  as  a  function  of  motion  alokneee 
dose  for  the  Lawthar  and  Griffin  sea  studies, 
the  laboratory  data  obtained  by  Alaxender  at 
ai  (1847)  and  the  laboratory  data  reportaci  by 
McCauley  et  ai  (1978).  This  flgura  juggaata 
that  laboratory  data  and  aaa  data  fall  about 
the  aaiM  regression  line,  with  moat  of  ths 
labtiratoty  data  giving  high  vomiting 
Inoldeneas  and  moat  aaa  data  giving  lower 
vomiting  rataa. 

The  vertical  motions  of  veaaais  are 
partially  caused  by  pitch  motion,  so  slokneas 
will  reduce  If  the  pitch  motlen  la  reduesd 
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Vigntte  It  Ralatlon  betwaoh  motion 
alc)(naaa  dots  valua  and  vomiting  Inoldenoe 
for  laboratory  itudlea  with  vertical 
motion  reportad  by  Alexander  et  al  (1947) 
and  McCauley  et  al  (1978)  and  saa  atudlas 
raported  by  Lawthar  and  Orlffln  (1688) . 


However,  the  magnitude  of  pitch  notion  is 


usually  very  snail  (aeaetinea  below  the  thceahoid  at  Berew.ition  of  retation)  and  there  is 
no  evidence  that  i-he  pitch  motlen  axperlancad  on  ahipa  la  sufficient  to  causa  aicknaaa 
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indepandantly  o{  Its  sctlotj  In  aauaing  vsrtlcal  motion.  Tha  magnltudas  of  nation^  and  tha 
vlsuax  conditions  that  appaat  to  be  raqtiltad  to  causa  slcknaas  with  osalllatlon  about  a 
horieontal  axis,  suggest  that  roll  and  pitch  motion  can  often  be  discounted  as  prime  causes 
of  sea  alekness  (see  arlftln,  1991). 

Roll  motion  of  ships  does  not  normally  greatly  contribute  to  the  vertical  motion  and 
la  unlllcely  to  contribute  to  sea  aieltnasa  as  much  as  the  vertloal  motion  or  the  pitch 
motion.  While  the  provision  of  roll  stablllaera  on  vessels  may  have  various  benefits  (a.g. 
asslntlng  the  postural  stability  of  crew  and  pasaengers.  tha  stability  of  csrgoi  the 
accuracy  of  weapon  aiming,  and  reducing  the  difficulty  of  aircraft  dealt  landings)  they  have 
not  bean  shown  to  reduce  motion  sleltnaea. 

When  using  shlp-referancad  axes,  the  magnitudes  of  x-axls  and  y-*axls  motion  are 
Influenced  by  the  pitch  and  the  roll  of  the  vessel,  respectively.  An  sooelarometar 
uilentatad  in  these  exat  (i.e.  pnrellel  to  the  daok)  will  aanaa  a  gravitational  component 
proportional  to  the  sin  of  the  angle  of  pitch  or  toll.  Data  ptesented  by  lawthar  and 
Griffin  for  five  peeeangsr  vseeele  show  that  tha  megnltudes  Of  x-ixls  motion  wars  generally 
less  than  the  megnltudes  of  yaxi,s  motion  which  were  generally  less  then  t)ie  magnitudae  of 
s-axle  motion  when  using  thlp-raferenced  axes  (sea  figure  6).  Tha  relative  megnltudai 
varied  between  veeedle  and  the  y~axls'  component  (etlaing  pertly  from  roll)  ban  tomstlmee 
be  greater  than  tha  i-axli  component.  However,  In  shlpe,  the  dominant  traquanoy  of  roll 
(produolng  y-axls  mctioh)  la  lower  than  the  dominant  ftaaueney  of  pitch  iproduotnc  s-aXls 
motion) .  ''onsaquently,  even  If  the  body  were  similarly  sansitlva  in  all  three 
translational  axes,  it  would  not  follow  that  y-axis  acoelaration  arising  from  roll  motion 
would  oontribute  gi'^utly  to  slolcnass.  Also,  tha  human  body  may  ramsin  upright  while  tha 
vassal  rolls  -  so  laiscning  tha  lateral  component  due  to  gravity.  Dose-affaot  data  for 
horiaontal  oaoillation  are  ourrantly  insufficient  to  identity  tha  rola  oi  horlsontal 
accalaration  arising  from  rotational  accalecation  In  causing  motion  sloicnaan  -  so  it  is  not 
known  whether  earth-rafaranced  or  ahlp-rafsranoad  axes  give  a  battac  indication  of  tha 
savarity  of  horlsontal  motion  on  veaaala.  Soma  laboratory  txpar, manta  have  basn  conducted 
with  roll  motion  about  an  axis  well  below  the  body  SO  as  to  eeunc  both  roll  end  horliontel 
tieneletiuh  of  the  body  (e.g.  l.|cCaulay  at  ei,  l$7d) .  Tha  results  of  these  experiments 
suggest  that  when  a  horlsontal  component  of  aeoeleratlon  arlsas  as  a  result  of  rotation 
about  a  horlsontal  axle  It  may  not  be  ee  nausaogenlc  ee  a  elmller  acceleration  occurring 
solely  in  tha  vertical  direction.  This  would  suggest  that  tha  maaaursd  values  of  x-axls 
snd  ysxis  motion  using  ship-rsfartncsd  axss  are  not  as  nsuwaogenlc  as  tha  oerrasponding 
maaauras  of  s-axls  motion. 

Complex  combinations  of  vassal  motions  are  sometimes  oieditsd  with  speolal  powers  of 
causing  tleltness.  Corksortw  motlena  etusad  by  aaas  on  tha  bow  or  quarter,  for  axemple, 
involve  a  oombinsd  rolling,  pltohlng  and  yawing  motion.  Irwin  (IBSI)  eomiiiur.ted  that  "many 
pmrsona  who  oxparienee  no  inconvsnienea  during  the  regular  swing  of  s  yacht  undor  sail 
bacoma  aieJt  in  a  rowing  boat  or  a  etaamar".  He  attributed  the  difference  to  tha 
"irregularity  and  uneartai.nty"  of  tha  movemant.  Varying  tha  phase  reletlonshlpi  between 
motions  In  different  exes  att.  give  riba  to  perceptibly  different  motions  which  some 
marinera  blame  for  sloknaie.  However,  there  appear  to  have  bean  no  etudlet  showing  that 
phase  is  important  end  It  remains  posclble  that  changes  to  the  frequency,  tha  magnitude  or 
tha  dlraetion  of  tha  motion  may  be  piimerlly  raaponslble  for  many  olelmad  variations  In  the 
provooetive  nature  of  some  motions.  Additionally,  ainoa  habituation  to  motion  la  motion- 
■peolfio,  some  of  the  raptrte  may  be  due  to  Inedequeta  habituation  to  a  rarely  enoountsred 
motion  rather  then  special  neuteogenio  propertlaa  of  the  motion. 

Non-vertical  motions  might  be  hypctheelted  si  having  a  lypfrglitlo  effect  so  that 
sickness  la  greater  then  would  be  sxpeoted  from  the  luin  of  the  lioknesa  due  to  verticil 
motion  alone  end  the  eickniss  due  to  the  other  motlcns  alone.  Currently  eveilible  date 
luggaet  that  this  Is  nob  the  case  end  Indicate  that  eee  elekneea  le  mainly  due  to  vertlesl 
oscillation.  Useful  pcadletlcne  ol  tha  Incldonce  of  vomiting  end  lllnses  can  be  made  If 
only  tha  magnitude  end  frequency  of  the  vertical  motion  and  the  duration  of  exposure  ere 
known . 

Although  vertical  motion  appeire  to  l->e  the  prims  cause  of  sloknaee  at  see  it  le  lUaly 
that  other  tactore  have  an  Influence  even  though  their  affeote  cannot  yet  be  quantified. 
A  greater  understanding  of  the  influence  of  vision,  body  posture,  head  movemanta  and 
habituation  may  aialet  the  reduction  of  see  elelinase  among  peeeangare  end  crew. 

Sloknasi  Is  widely  accepted  as  a  natural  oonit  luanos  of  going  to  aaa.'  LJ,ttle  effort 
hai  been  expended  in  seeking  a  solution  to  see  elckhcee  ether  then  by  the  ude  of  anti*' 
motion  slokness  drugs.  The  long  history  of  see  ilakhvia  may  have  led  some  to  the 
ooneluilon  that  scltntlfio  study  should  net  bi  wasted  tackling  ah  Ineolubla  problem. 
However,  the  extent  of  the  problem,  and  the  hitherto  aeant  lelanMfla  attention  It  hei 
received,  luggsate  that  It  Is  a  rroblam  meriting  mere  Investigation.  Scientific  study  will 
determine  the  extant  to  which  th(  problem  la  eeluble  whan  understanding  has  been  inoraaesd. 
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B—tlMli  L'fci.lmH<w  n  prSdiottoii  d«  ll  NiMptlbllltS 
indMduiUf  lux  diUtMM  pfSMnMni  S*  multlplM 
dlflKttltSl.  C*UM4i  tfOuvMt  Ituf  orlflM  duu  lu 
piftiMitrltSi  StlOiptthoiSAiquM  du  ^dranu  idUM  qut  It 
ffllM  m  Jm  i^d«  d*  proMMtti  d'hibltuuten,  It 
diitrlbutlon  nen^uMltnnt  dt  It  ww^ttbUltS  dtiu  It 
populiilon,  It  tpMfltIM  dM  Ktmului  dSeltflthtnii.  Cm 
ctneiMiilquM  MtrtmtAt  It  ntetMlil  d'unt  irtndt  rifutur 
mtthodoloflqut  pour  muim  Ih  liudM  irtlitm  do  «o  lujti. 

Troll  imidN  ttthnlquM  mSthodoloflquoi  loiu 
htbliutUomtm  utUltSot :  lot  qutitlonntlrti,  It  rtchtfcho  di 
MirSltUoiu  pqrohofliyiloloilquM  IndlrtoiM  ot  1m  totii 
piovootttun. 

L'utUlHtloii  dN  qutttiennilrH  intmiMtilquH  prSttnlo  du 
UmltttloM  ImpofttiitM.  Lm  wrrllttloni  p^ho> 
pKyilola|lquM  IndlrotlM  loni  rtiM  ot  iSnSrtlomtnt  pou 
fltblH  lur  It  pitn  dt  It  prddittlon  IndMdutUo. 

Ui  dpNuvM  provoMttlMi  on  Itborttoirt  rotttnt  4 1'hourt 
ttluoUt  It  mtillturo  mdthodo  d'dvtluttlon  do  It 
WMoptlbUlti  BUoi  poHM  otpondtnt  It  pnblbmt  do  It 
nituro  dot  tUmulilloni  tmpltyddt  tlnii  quo  ttlui  dt  It 
iUbillid  dot  tritbni  d’dvtluttlon  do  It  tdvdiitd.  A  cdtd  dN 
tritlrti  wbJtotM  hibEutUtmuu  utlllidi  (dchtllM 
tfAtotytUon  ou  d'tulo^tlmtllon),  dM  tIToiti  wni 
ddploydi  pour  ddfliUr  dM  ptrundtiM  pld«tolo|lquM 
objteilvtmtni  mtiuftblN. 

Cm  Imu  oonduliont  idndrtitmtnt  4  uno  prddictlon 
oonroctt  dt  It  wicopllbllild  on  tliuilion  rdtilt.  Lt 
piddlotlon  du  mnl  dt  I'MptM  Miuiitui  otpondtnt  unt 
tut^ption  4  otttt  i4|lt  tt  poio  dM  probltmM  tnoort  mti 
fdMluitmoutd'hul. 

LJHIlOMlCnBH 

DtpuU  It  itcond  tonfllt  mondltlt  It  MimptlbUlii  tw 
dniioiH  t  luidtd  dt  naffibnuit  trtvtun.  dtnnint  Utu  4  unt 
Utldniun  imttfflnintAt  tbondtnit,  oompoittnt  pttMi  dN 
rdMlttti  itltUvimtnt  oonlitdltiolnt.  Ctd  I'tp^qut  lout 


dStottlon  dN  Indlvldui  prdMnitnt  unt  Hnilbllitd 
impoRtnit  tt)  plui  idnlrtltmtnti  rtvtluitlon  dt  It 
rdilittnM  dM  ptnonntU  tux  onvironnomintt 
niuidoitnlquM  prditntt  done  un  Inidrtt  ptRlwlltr  on 
milltu  idroniutiqut  tt  ^ttlil.  II  t’i|lt  etptndtnl  14  d'un 
domtint  eompiNt  tt  dlffiellt  qul  rtqultit  unt  inndo 
pnidtnM  dtni  I’intMprdtitlon  dM  rdwlttu  obtonut,  qutUt 
quo  lolt  It  itebnlquo  d’lvtluitlon  tmploydo. 

Otttrt  fdvtluttlon  dt  It  luietptlblllit  IndMduillt, 
TMUtnittcA  -t  priori*,  dt  It  Mpieitd  ntuidoidnlqttt  d’unt 
ttlfflulttlon  vit  4  vli  d'unt  pepuittlon  wpoidt,  I’m!  4  dirt  It 
prddietien  dt  I’lneldtnN  dM  tlndtoiM  oonitllut  un  tutrt 
probldmt.  Pluiloun  dtudM  ont  t|ilinitnt  tit  mtntu  dtnt 
M  doffltlnt  (1),  ippllqutM  on  pirtlculiir  tux  itlmulttloni 
rtneomrdM  on  ntvl|itlon  mtrltlmo.  Ctt  Hpoct  no  itri 
Mpondtnt  PM  dtudldt  M  ot  huIn  I'dviluttlon  tt  It 
prddietien  dt  It  tuutptlbUltd  IndlWduillo  Htont  tiivltt|dM. 

U  rtvut  exhtuitivi  dM  rdtultiii  trdt  dhrtri  obltnui  Juiqu’4 
prdMttt  loriit  itni  tueun  deutt  trdt  lon|ut  ot  fiiildltuM. 
Auiilt  I’lpprocht  du  probldmt  m  vout  lei  tvtm  tout 
lynihitlqut  tt  dldtetlqutt  tu  riiqut  do  puittro 
rtlttlvtmtnt  rdduetrlet  ptr  ripport  4  It  muH  dM 
eoiuitlutneN  qul  ont  did  leeumuldM  dtnt  m  domtint.  Ut 
dllEeulidi  d’lnttrprdittlen  dM  donniM  dt  It  iitidrttun  lom 
pour  unt  pul  Importtntt  lldu  tux  diffdrtncM  dtnt  In 
eonditlont  txpdrlmtnltlM  tmptopdti,  ttUtt^l  rtndtnt 
ptrfoii  lu  eomptrtlioni  trdt  tUfflellM.  Dtnt  unt  ravut 
idMAtt  (9),  Xtnntdy  I’tii  uttehd  d  rdtoudrt  In  tpptrontH 
eonlrudietlont  qul  pouvtltnt  ulitN  tnirt  dIvtiMt  dtudM 
tn  propoHAt  unt  tpproeht  fonddt  wr  I’inilyH  tittlillqut. 

L’tniplel  dt  itduUquu  itttliilquN  rtprdumt  un  didmtni 
tout  d  flit  fbndimmtil  qutnt  d  it  vill^  dN  mdthodN  dt 
prddiiUtA  It  dM  trddiN  #dviluitlon  dt  It  tuimptMUd  vli 
4  vli  dM  eindtoMt  9),  BUM  dtmiurtnt  Mptndint  pour 
unt  |itndi.piit  du  dtinilnt  dM  qpdtlilWM'tli  dupolnt  dt 
vut  du  unuppMedt  ^  twwrdtt  tt 

prtimitlqut  ^)p^  done  prdMnbIt.  Ctd  eondiUi  4 
inWii|u  in  primttt  Uiu  In  dllMrtnit  dldminti  qul 
contrlbqtnt  tux  dUfleuliti  rtntontrdN  tit  muldit 


pudtuUlNiiitat  ttdr  iipMtt  tfdvtittitton  M  dt  prddHuw 
dt  It  MUdptibllitd  IndMdutUt.  II  Mt  tn  tflbt  Win  itiinu 
qut  dt  udi  lii|M  vumieni  toot  rtiwonirdN  dtnt  It 
■uiMptfliIlM  vti  4  prawtfuint 

4’tppii«it^'iidU''^qindNii^  "PtMi  'dt'-'lt 

poputntiiA  wnMt  pntlqutMitti  imnuAA  I'tutit  Ht 
lAMdi  phit  ou  ffiidnt  ftnumitM  IVM  un  rMtntliitMtiui 
ptrfbb  ImpoiUAI  wr  It  motivttlon  «  Ttffletdtd.  U 


d’dvtluiUbn  tt  dt  piddutwn.  Lu  dUMrtniu  mdthodu  tt 
ttihnlquM  tfflpItpdM  MToni  tniuitt  ptudu  tn  rtvui,  dt 
f4|on  d  ifMauir  unt  Mntbdit  ilobiit  Uluitidt  dt  qutlquN 
tWfttpItt  " 


n  y 


8-2 


pepuluton  d«  pUotu  at  laur  Mnilbilltl  tu  mal  daa 
llffluiaiaun. 


ILMnQNNmniJWKHLIfcH 

SI  qualquai  |nndaa  lignaa  pauvaat  lira  d<|a|<at  quant  aua 
factaun  |fniraux  Influtni  lur  la  luieapilbilltl  aua  eindioiai, 
rivaluailon  da  li  luicapilbillid  d'un  IndlWdu  an  partlwllar 
prlianta  ptuilaun  dUflcultda. 

Bn  Miivani  la  medMa  prdiantd  par  Banton  (il,  qualquaa 
polnia  IntdraaaanMpavvani  lira  racaneli,  Can  tout  d'abord 
la  proMIma  da  la  apMfldtl  daa  dimulatlona  provoattleai, 
blan  oonnu  pour  ea  <|ul  ooncama  I'adapiatloni  mala  qui  paut 
Igalamant  Jouar  au  nivaau  da  la  auacaptibllltl  IndMdualla. 
C’aat  auaai  la  mlaa  an  Jau  fdnlnlanant  ttla  raplda  da 
proeaaaua  d'adaptatlnn,  at  blan  qua  louta  tanlallva 
d'lraiuatlon  da  la  auaaaptibUltd  I  un  Inaiant  donnl  dolt  lira 
penditia  an  tanaitt  cnmpia  da  aa  Maiauf.  Bnfliti  U  na  Auit 
pu  eubllar  qua  la  ayndroma  da  ainUnaa  a'axprima  par  la 
mlaa  an  Jau  du  qwima  naivaua  autonoma  at  qua  taa 
oaraatMatlquaa  Inirinalquaa  da  fonatlonnamant  da  aa 
ayatima  vont  dgalamant  aiarcar  una  litfluanee  aur  la 
auacaptibllltl.  Ca  aont  Analamant  laa  daux  varaanli  du 
qmdfoma,  nauroaanMflal  at  nauravl|ltatlf,  qul  dobanl 
lira  aonaldirla  pour  Ivaluar  au  mlaua  la  auacaptibllltl  d’un 
IndMdu  al  lUantuallailiani  tantar  da  prldlra  aon 
eomportamant  dana  la  altuatlon  rlalla  ol  II  doll  Ivoluar, 

Pour  Raaaon  (21),  aad  aa  tradult  ilobalamani  an  latmaa 
d'adapiablllili  da  riaapilvlil  at  da  aapadtl  da  rHantlon. 
D'una  manllM  plua  glnlrila,  on  pout  aonalddtar  qua  la 
dlatrlbuilon  noivqauaalanna  da  la  luaaaptlblllll  dana  la 
population  aorraapond  aana  douta  I  la  aomblnalaon  daa 
vahablaa  qui  pauvant  influar  aua  dlfllranta  nivaaux  aur  la 
aanalblliil  IndMdualla. 

Caa  dUNranla  painia  veni  dona  lira  malntanant  abordia 
auaaaaiMmant  da  (kqon  plua  dltaUlla  pout  tantar  da  mlaua 
(lira  aomprandia  laa  dlfflaultla  Ulaa  I  I'lualuatlon  at  I  la 
pridlailon. 


On  admai  alaaalquatnant  (21,  VI)  qua  laa  iq|au  tria 
auaoaptlblaa  aua  dnltoiaa  aunt  aanaibtaa  I  I'anaambla  daa 
atlmulatlona  nauiloginiquai  qul  pauvant  laur  Itra 
appllquia,  aallaad  antralnant,  d'una  maniira  plua  ou 
molna  idanilqua,  I'apparltlmi  daa  qmptlmaa 
aaraailrlMiquaa  daa  ainitoaaa.  Coal  rapriaanta  la  baaa  daa 
laahniquaa  tflvtlttalion  uiiliaant  daa  Iprauvaa  pravocatrlaii, 

Caiw  rl|li  a'an  paa  laialainant  vIriMa,  noiamiilani  pour 
la  luiaapiiWIltl'au  mat  da-Paiptaa  (II).  Da  mima,  Monap 
at  CML  (21)  dnt  qu'avaa  daa  aqjata  doat  la 

aaaatblUil  aat  Iniarmidiaira  ou  Iblbta,  on  poimll  abaatvar 
daa  diaaodatloni  amia  dliMraniaa  atimulaiioiia,  an 
partiauliarantn  iaiainiteaaa  InduBaa  alaualtamaiit  (priamaa 
lAuarMitU)  at  aiUaa  iadultaa  par  daa  atlmulatlona 
vaatibttlairia  (CoribUi,  routhuu  autour  d’un  ua 
horlaontal,...).  Plua  Indtraatamani,  Lagar  at  Bandar  (U)  na 
raUniMt  paa  da  aoMlIalim  antra  la  auacaptibllltl  aua 
ainitoaaa  Ivalula  au  magwa  d'un  quaatlonnaira  dana  una 


II  pournlt  dona  aniitar  daa  lllmanli  da  auacaptibllltl 
prlflrcntlalla  via  I  via  d'un  ou  da  plualaura  typaa  da 
atimulatlon,  On  paut  fhira  I'hypoihlaa  qua  aa  ^  da 
autaaptiblliti  IndMdualla  pourralt  lira  111  nun 
eaiaailrlatlquaa  da  fonatlonnamant  daa  etplaura  (tout 
partlculilramant  daa  tmnaduataura  vaatlbulalraa)  ou  nun 
modalltia  d'intigrniton  multlaanaorialla  daa  Informitlona 
d'orlantation  ipailnla.  Quol  qu'll  an  noil,  a'aal  Id  la  'Varaant 
nauroaanaorlal*  du  Mi<lroma  da  dnlioia  qul  aaralt 
dlraotamant  an  cnuaa. 

Un  nutra  aipaoi  da  la  luaaaptlblllll  IndMdualla  aat 
manlfdatamant  111  I  I'liqplilanea  pidalabla  d'un  IndMdu 
donnl  au  momani  ol  I'on  diaroha  I  Ivaluar  na  tollinnaa. 
Ainil,  II  a  pu  Itra  obaaivl  nnaadotlquamant  qua  daa 
paraonnala  laaua  da  la  mniina,  habliuaUamani  rlalatanta  au 
mal  da  mar,  rivltilant  una  nanilbllltl  ralallvamant  plua 
llmria  via  I  via  da  ulmulatlon  du  typa  aaelllmtiona  da 
CotioUi  qu'una  population  da  pUotaa  da  ohaiaa. 
L'habituatlon  prlalablamant  aaqulw  pour  un  typa  da 
itlfflulatlon  (aadllmtlona  vartloalai),  na  aa  trinaflra  pan  ou 
pau  darn  la  nouvalla  altuatlon  aholala  pour  Mduar  la 
lui.'aptttillltl  da  la  population,  tl  an  done  alalr  quo 
I'lntaiprltatton  da  rlaultnla  d'lvaluation,  qualla  qua  aolt  la 
mithoda  uiUlalo,  dwralt  ptandra  an  compta,  a'U  a'ngll 
d'una  allactlon,  laa  Ivantuallai  dllMrancaa  lilaa  I 
I'anpirlanaa  daa  candidate. 

2J  Mlaa  an  Jau  iu  nniMiaua  d'hahltiulloB 

L'habiluatlon  nun  atlmulatlona  provocnlrlaai  aat  un  point 
aantral  du  probllma  daa  dnltoiaa.  L'apparltlon  da  ca 
lyndroma  aat  pour  oartalna  un  offal  aaaondalra  da  In  mlaa 
an  Jau  da  la  plaatldtl  narvauia  raqulia  pour  catta 
habituation  (9, 2S).  L'htbtiualion  rliuliant  da  I'anpoaitlon  I 
I'anvironnamani  ou  nun  itimulailoni  da  laboratoira  aurviant 
plua  ou  molna  rapidamani  wlen  laa  IndMdua.  Xaaion 
diailngua  I  aa  nivaau  daa  "adaptaura*  rapldai  ou  lanti  (26), 
aartiina  aamblnnt  na  Jamala  nitaindra  un  nivaau  latlafbiiant 
(21).  La  plupart  daa  taahnlquaa  d'lvaluation  utUlaant  daa 
atlmulatlona  provoaatricaa  condulaant  dona  I  l'apparltlon 
d'una  acaoutumanca  I  can  nimulailona.  Alnal  faut>ll  Itra 
blan  aonadam  du  fait  qu’una  ^rauva  vaitlbulilra  laolla  na 
donna  qu'un  aliahl  "Inatanlanl*  da  la  auacaptibllltl  d'un 
IndMdu  via  I  via  d'una  atimulatlon  dennia. 

2  J  CarartlrtatlattM  du  avuttoia  Biwmuu  nu^ommia 

Llmpliaatlon  du  ayallmo  narvaux  auimoma  dana  la 
nyndrama  da  dnltoaa  aat  un  lUmani  raaonnu  da  longua 
da  ^ul,  27}  avac  una  domlnanta  trIa  natta  da  I'actMlI 
paraqmpnthlqua  au  aoufi  du  dlualOppaiMtit  daa 
aymptlmai.  Alnal,  II  ait  poaaMa  da  panaar  qua  laa 
aaractltlatlquaa  Inirinalquaa  du  qmlma  naurav<|dtatif  au 
dll  modiltaaUonardpoodanl  IdMphlnomliiaaiiibmun^ 
pauvant  iffbatar  l«  auieaptMlltl  initivldu^^ 
auiauri  aoviltlquaa,  pour  laur  patt  (lD),  liu|itant  iur^  to 


nkwiil  d'uM  irta  grind*  itibUttI  \Httbtile  vAgduHv*' 
pour  til  cindidiM  loiffloniutM. 

U  libllltl  Moiiilv*  du  lyitim*  n*iv*ui  lutonomi  ou  ion 
'MciiibUiM"  wmbl*  done  pouvolt  eoiutlluir  un  bon 
emdldat  eommi  dMmiiit  du  null  figurut  dkn*  1*  modbl* 
d*  Banion.  Li  grtnd*  wiibUItt  dmi  1*  lump*  du  tonui 
Murovdgdtitlf  thii  UA  indMdu  donnl  ofl^  ilnil  un* 
mpUcM^  phyilutoglqu*  ilmpl*  uw  viriiUoni  d«  U 
•uuipitbttiM  obMiviN  pour  un  mlm*  indMdu  (1,  9,  21, 
27).  Cid  poM  bl*n  idr  un  probltm*  dini  I'dvuluitlon  d* 
iuicqptibibtd,  prlnelpilimmi  ivie  I'uliUiition  d'dpr*uv*i 
provocttrlNi. 


II  Mt  blwi  Mnnu  qu*  li  dtiiribullon  d*  It  tuMiptlblUtd  luu 
dndtam  dini  li  populitlon  gdndnl*  ni  lult  pu  uiw  lol 
normil*.  Qualli  qu*  Hit  li  mdthod*  d'dviluitioni  on 
obMrv*  gdndnlwmni  du  diitribution  fortnmint 
■MvmdtrIquH,  pirfoU  multimodilM,  miii  m  lucun  eu 
giuiiimnM. 


On  p*ui  pinMr  qu*  li  HnibinilHn  d*i  dIffdruU  dldminu 
cunititutifl  do  li  luuiplIblUid  IndMduiU*  hm  k  I'origin* 
d*  M  lyp*  d*  dinribuilon.  Ctti*  ipproih*  oomipond 
d'lUloun  MM*  bl*n  I  I'idd*  qu*  I'on  p*ut  in  ivolr  wi 
utlUiuil  IM  notloni  d*  rd«qitlvltd  it  d’idiptiblUtI 
prd«onlid*i  pur  XoMon  (2d),  f^ihdilidM  plui  rd«*mfflmi 
puBinMn(l). 

Quill*  qu'm  Hit  I'orlglni,  I*  dlurlbutlon  •rriilqu*  d*  t* 
wmptlbUltd  dw  li  populitlon  wiutliu*  un*  dlflliultd 
wppldfflintiir*  *n  mitlbr*  d'dviluitlon.  Dim  mi 
wndltioiti,  11  n'lit  in  ifTit  pu  poMlbl*  d'utUlMr  In 
tichnlqui*  rilitbrwnint  ilmplii  d'inityM  HitUtlqu* 
lemm*  I'uilyi*  d*  virlinoi  it  In  iitlmitiun  luiii 
obnunodH  qu*  u  moyinn*  it  I'dotrt-lyp*.  fin  rbgl* 
gdndiul*,  U  (but  iNourIr  k  du  toohnlquii  non 
pirimdtrtquH  utlllunt  1*  diuiminl  pir  ring  du  virlibli* 
ou  k  I'lnil^  muitiriitorliUi. 

2.  MlTHQDtt  DWAmoTlOW  W  B«  IMiniCTlOW 

On  contidkr*  gdnkrtliminl  (7, 9, 21, 27)  qu*  In  mkthodii 
d'fciluulon  dt  1*  HMiptlblllid  IndMduiUi  i*  rdpirtliiint 
•n  troll  group*!  prliMlpiux!  quMtlonn*lm  inimniMlquii, 
MfMitloni  ptqwholoi^ii  ou  pbyiiologlquii,  Ipriuvii 
provoHtti**!.  Chiqui  lypi  di  mkttiod*  pr^t*  du 
•vutugN  It  dm  Inienvdniinu  qu'U  wAvlint  d’inilinir  m 
(bnition  d*  I'qipliMtIon  qui  I'on  vout  in  (Uii, 


m  dkrivk*  (9)  ddviloppdi  luit  EtiMUnli  it  1*  "Motion 
ildcniM  Quutlonnilri"  Britinnlqui  d*  Riuon  (M2Q). 

U  plupiit  du  lutiun  (7„  9,  22,  27,)  I'lMordmt  k 
MMlddrir  qu*  1m  dlvoriM  dtudM  «q}drlm*ntilM  mmdM 
dipuli  iM  trivuM  hlitorlquH  d*  Atnindw  it  Cell.(194S) 
It  d*  Blirin  (1949)  ddmontrint  li  viUdltd  dM 
qumlonnilrH.  D'uuu  bonnH  Mrrklitiem  ont  linil  pu 
iut  bbtinuM  ivM  du  dpriuvu  di  libontolri,  mill  luiil 
ivu  li  mil  d*  I'llr  It  1*  mil  d*  mir,  plui  rdNmmini,  m 
uilUiinl  un  quutlonnilri  qidiUIqu*,  ivu  li  mil  du 
ilmuiitiuti  (t).  film  qu*  plui  (Ubli  mill  ititlitlquimint 
ilgnlflatb'i,  un*  wrrttillon  i  kgiliminl  ltd  npportd*  ivu 
1*  luuki  in  dull  d*  pilotigi  (7). 

Ptuiluii  point!  Impoftinti  mdritim  d’ktr*  Muligndi  k 
propoi  du  quullonnilru. 

LTiiMolr*  d*  mil  du  irim^rti  ripportd*  pir  un  uflil  dolt 
toujoun  dtr*  ponddrd*  pir  ripport  k  i'updrlinM  du 
iltuitloM  provoutrlui.  Cid  ut  trki  blin  piii  in  mmpti 
pir  1*  MIQ  quI  iiriilu*  uni  ponddriilon  in  (onitlon  d* 
rinliniltk  du  lymptdmu  ripportki  it  di  li  (Tdquinu 
d’npultlon  k  li  iliuillon  qul  lu  i  ddclinihdi.  Ci 
quutlonnilri  wmpon*  dgiliimnl  uni  uetlen  qul  uplori 
t'hiitoir*  d*  mil  d*i  triniperti  ivint  I'lgi  d*  12  in*. 

Lu  quutlonnilrii  mm  hibltuillimint  irki  fidlu  k  utlllur 
mkmi  IVM  un*  populitlon  trki  Importini*.  Liur  wkt  ut 
moddrd  mill  blin  wr  1*  plin  (IniiulH  qui  wr  ulul  du 
timpi  unuork  k  I'liqulilllen  du  donniu  M  k  liur 
triltimint. 

Bn  riviAOh*,  Ui  umportint  dil  Inionvkniinli  Inhdrint*  k 
li  mdthod*  inimnuilqu*.  Alnil,  ulon  I*  digid  do 
motivition  du  nndldit  it  li  untuti,  on  piut  Ibiilimint 
riMullr  k  un*  uumutlfflitlon  (undldit  irk*  motiud)  ou  uni 
wmtlmitlon  (iq|u  piu  mouvd)  d*  ti  wuipttbllltd  rdiUo. 
Ouidiy  (7)  not*  qu*  I'luodillon  ivm  du  dprouvu  d* 
liboritolN  londull  kibliuiUominl  k  du  rdwltiti  plui 
rdiiutu  quo  lonqu*  I*  quutionnilr*  ut  ullllid  iMddmmt 
onddbutdiidlictlon. 

Pirml  lu  inunvdnlinti  rinoenirdi,  1*  pouvoir  dlurlmlnint 
du  quullonnilru  oonititui  un  pr^lkmi  mq|iur.  II  ut  in 
iffit  riunnu  (17)  qui  lu  quittloimilru  doimini  du 
rdwttitt  mUhliinu  pour  lu  wuiptlbllltdi  wtrkmu  (trki 
WM^tlblM  ou  noiMuiMptlblu)  null  wnt  do  pw  d'utlUtd 
pour  duur  lu  mldt*  ipint  uni  tuiupilblllid  Intirmddlili*. 

2  J  tSawdlUlBM  .iwibiiliiUmiH  rt  MwlflliUiiiiu 


UQBiiilnn8tlm.iMiBaiiilBiiii 

Lu  quutlonnilru  I'lntdmiint  k  I'hlMoiM  di  mil  du 
trinipeiu  vdw*  pir  un  IndMdu  ifln  d'Muu  ou  do 
piddin  u  luuopltblUtd  vli  k  vli  d'un  uMronnimifli  Mt 
did  luipniiM  qnipldpdd  diiu  d*  multlplu  dtudu.  fill 
quMlMnilub  Ml  dhwi  ont  did  dduiop^  k  oil  dfiht.  Lu 
plui  ftdquomnutttt  utaMi  k  Ituuri  utuilii  uniHHi  dout* 
li  "Pmuiohi  Motion  IMtniu  Quuttoiuuir*'  (k^Q)  ou 


D’um  rtombriuiH  vuliblu  pipiholagiquu  ou 
phyiloleglquikioiidldH  wm  li  uu^Ultd  lu  mil  du 
tnmpoiu  ont  did  ddorltu  (9t  21,  fT*).  n  I'lgll  Ik  do 
virliblM  qul  lent  mudu  MHuu  li  "rduptiviid*  (viiuni 
MurouMdrlil)  ou  I*  'Itmte*  (voriMl  iMuiovd|dtill()i 

Pu  ddlleltlon,  I'dviluiilon  ou  I#  mNiir*  do  MM  uiiidMu  n# 
ndimiti  pu  li'.mlii' m  gmtmtim 

Ctti  lu  diiriiinild  doni  do*  dtkru  phytlelollquu  puteli 


8-4 


ulUM  pour  Ju|«r  il«  l«  <4vMll  du  iniltiH  provoqud  par 
dM  itlmululOM  iMuidoidniquM.  Uur  ItiiMt  m  muMn  da 
prddlrtiott  pottiralt  Itra  trta  grand  dam  la  mcaura  odi 
oomma  laa  (piaatlannalrai,  lUai  prdaantani  una  aaitalna 
ii.d4pandaMa  par  rapport  aux  Mimulatioiu  provoaatrieai. 
Laa  wirdtationa  ralatKafflani  Wblaa  Indtani  aapandani  k 
raitar  irka  prudani,  oa  qul  aat  |inkralatnaitl  la  oai  an 
imtlkn  da  iklactlon.  Alnil,  pour  ea  qul  oonoarna  la 
auiaapilblUtd  (Tun  IndMdu  dmk,  allaa  na  ooniiltuaiii 
ginknUamant  tm’UM  indleatlon. 

Mil  VarlabM  payaholaglqiMa 

BUw  tout  aurtout  mantlonnkaa  Id  pour  mkmoira  aar,  it 
allot  tamblani  lira  parfoli  ti|Aincailvet  dant  la  cadra  (Tuna 
populallMii  lit  aorrilatlont  obtanuai  toni  irkt  loin  d'ltra 
abioluat. 

Dat  ralalloni  avae  la  lUMapilblllti  aiu  dniiotaa  ont  alnil 
pu  lira  avanalat  pour  daa  trilia  da  partonnalltl,  aanuna 
ranravaralon'lntrovartlon,  Iti  landanaaa  nivrotiquai,  la 
paur  at  I'andlil.  Daa  vailabltt  oomponamanialai  aomina  la 
neiltn  da  dIpandaiMilndIpandanoa  du  ehamp  ani 
Igalamam  (Ul  robjat  d'un  cartaln  nombra  d'ltuda^  avao 
dat  rltulialt  parfolt  attat  aoniradidolrat. 

k  J  J  varlablaa  ph|tlolo|lquat 

Lot  varlablaa  phytlologlquat  ou  paytho*phytlolo|lqutt 
apparalttant  un  pau  plui  intlrattantat  at  ont  Ikli  I'abjat 
d'liudat  rlaanlat.  Laur  Intlrli  prailqua  dam  la  prldlttlon 
da  la  wteapllblltll  ati  malgrl  tout  ralailvtmtnt  llmlid  « laa 
rituliatt  lot  plut  rlmnlt  mirliant  ancora  d'lira  vallddt  wr 
una  pllla  granda  Mialla,  BUaa  pauvant  aa  divlaar  an 
varlablaa  naurovigliativtt  at  nturotantoilallat. 

3>a.2.1  variablat  naurovdgliativta 


Una  trit  bonna  ravua  dat  Itudat  andannat  tur  laa  virlablai 
phydologiquta  attodlar  tvao  la  tutaapilbllltl  aux  dniiotaa 
an  priianila  dam  I'ouvraga  da  Raaaon  (17).  Cad  dam  la 
tphkra  oardlo^vaHulalra  qua  Int  ritullait  laa  plut  nombraux 
onl  III  avanolt.  L'idia  qu'una  tutcapllblliil  litvia  tit 
Itlquaminanl  aitodia  ko  una  tandanot  k  la  bradTuardla  d  k 
I'hypoiandon  ad  ralatlvamani  r^iandua  (9),  blan  qua 
laigamam  aonirovartla.  Oa  mlma.  Laguty  (Id)  ratrouva 
‘tvao  una  grinda  Mquanoa,  vagotonia  at  qwmo^a  diet 
laa  llkvii  pllotat  tdnttlt  pour  mal  da  I'alr  ilvkrt"  atm 
appontr  tItUamtnt  da  donnlm  dutliilquat.  D'un  dat 
prinobnux  probikmat  dam'  aa  typo  d'ltudaa  ad  blan  ilr 
I’abamua  d'un  cmp#  Htnobi. 

Laa  liudaa  plua  riatntaa  manlat  par  Xohl  (il)  tur  dat 
urltkrai  hwmonaux  (ACIH,  CRF,  Indlquani  quo  lai 
dijata  iwiMulatpUUat  priianimalant  pour  aat  varitblai 
nauroandoerlMt  dat  ttux  da  bata  at  dm  tugmanttilom  plut 
Imporiama  aeua  ttlmulallM  qua  Im  iqMi  tutaipilbltfc 
Toutafola  am  vdtura  radmalant  k  I'liUlrltur  dm  valaurt 
IlmlM  admlam  an  diniquai  aoui  tlitiaa  d'una  validation 
plua  ippielbadiai  aa  typo  da  arltkia  pourratt  aa  ilvilm 


iMlrattani,  blan  qu’U  na  rapritanta  lant  douta  qu'un  ttpaci 
du  probikma  da  la  tuteaptlblUil  IndlWdutlla. 

33.3.2  vtrlabim  nauromnaorltllm 

Lm  vatiablm  nauromnaorlallm  qul  ont  III  propoalm 
Mount  Indlem  da  wteapltblliil  pauvant  lira  dattlai  an 
deux  eailgetlati  talon  qu'allm  roneamani  la 
fonotlonnamam  du  Itbyrintha  ou  qu'allm  louohani  au 
oodaga  da  I'In/ormailon  tamorlalla  at  k  la  pladleltl  du 
qntkmanaivaux. 

La  pramlkrt  mtlgoila  a  tuteltl  da  nombraux  travaux  at 
eanalnamani  tuitnt  da  eontrovaram.  L'txtmpla  It  plut 
cltitlqut  aat  la  aupulogramma  da  taamilen'  qul  tomida  k 
mtiurar  la  durla  da  tamailom  pod^rotaiolrm  an  ripoma  k 
dm  ttlinululom  Impultlonnallm.  Alert  qua  eanalm  autaurt 
oomma  Da  Wit  m  Van  Bgmond  ont  trouvl  una  eorriittlon 
tlgnlfleailva  antra  la  panto  du  eupulogramma  d  la 
tuH^lblUtl  tu  ffltl  da  mar,  Dobla  travalllant  tur  una 
population  da  1000  Umm  pllota  n'an  irouva  aueuna  pour  ea 
qul  tonmma  la  mal  da  I'alr  (37).  Cm  rituittta  nlgatlA  ont 
Itl  ultirlturamtni  eonlirmit  par  Blm  (3)  dam  una  Itudt 
tur  la  mal  da  mar  ohronlqua. 

n  odtia  an  Ml  dm  raltilom  antra  lm  Uluilom  tamorlallm 
on  riponia  k  dm  dlmulailont  vmilbulalrm  at  lm  dnliotm 
qul  n’om  Jamalt  Itl  parMtamant  eltrl/llm,  Bn  travalllant 
tur  lm  parotptlom  lllutoirm  tu  diptrt  at  k  I'trrlt  d'una 
eantrlAigiuio  (13),  II  a  pu  lira  mit  an  Ivldtnea  qua 
I'amplltudt  dm  Ulutlom  tantorltllm  parqum  par  un  groupa 
da  i^att  luteipilbtm  Itali  ilgninaatlvtmant  plut  Imporianlt 
qua  pour  dm  non-tutetpilblm.  La  Mbia  nombra  da  tt^att 
dam  ahaqua  groupa  nt  parmal  aapandani  pu  da  aonalura 
turmalii^trt. 

Pour  Xaaion  (37),  II  tpparalt  pau  Mdani  qua  dm  maturu 
da  la  tantlblUil  vtdibultira  ou  mlma  da  I'liabltutblllll  da 
la  (onetion  puinant  foumlr  dm  Indium  ntbim  da  la 
wteaptlbllitl  aux  alnltoiu. 

Du  rituittti  agqtirimvntaux  ricantt  obianut  pu  Diamond 
at  Markham  (4,  19)  raltnmnt  aapandani  etita 
probllmatlqua  an  montrant  um  ralailon  irkt  algnlflaatlva 
antra  la  tutaapilbllltl  au  mal  da  I’atpua  at  I'tqmllrla  da  la 
(bncilon  otolithlqua.  tl  taut  tamtrquar  qua  lu  aevlltlquu 
utUltam  dapuli  da  nombrautm  taniti  aemmi  pildlattur 
da  la  tuaotptlbliltl  rmpmllria  da  la  ripoma  olelliltlqua  lort 
d'lprauvm  lur  la  balanfolra  panllkit  ($,  30). 

Bn  compllmant  da  am  lAdleu  lilt  dlraatamant  tu 
fonatlonnamant  vmllbulaira,  Ration  (3d,  37)  a  lanti  da 
divaloppm  dm  mmurm  Indlrattm  quL  talon  lul, 
rlflUttaiani  la  rlaaptlvltl  dm  ndata  via  h  via  Ah  aenflila 
tanaoriala.  Ba  timi  pu  mattra  an  Mdanm  dm  eorrllitlou 
lUptlflmtivm  amra  la  tumgptlbllltl  aux  aMieim 
ditarmlnla  par  an  quaitlonnalia,  la  pati|i|attaa  dq  *«drtl 
iftar  afApA*  (BAS)  M.-la^iiliaim da 
fintamltl  dhw  au  da  Wqumwa  1080  Hi,  K  pwpm  Wnil, 
an  aiaoalaiO  lm  mMikHt  datOmplMlA  d'adtptat^iil  du 
ailmulatteni  piuvaalUMu  at  ii  iRaiitlM  di  Pkdtptalleii, 


UM  d4fflur«H«  (lebtl*  utUiMbl*  pour  rdvtluUlon  it  I* 
prMIctlon,  ilnon  di  li  uiieiptlbUtU  d'un  indivldu  vli  I  vU 
dit  dndiOHi  in  gdnlnl,  dn  motiu  di  li  ntdgorii  di  riiqui 
diniliquillilliiiitui. 


otoUthiqUM  iddfiuitH.  Cl  lypi  d'dpriuvi  fl|un  dim  Iw 
tut*  di  idlMilon  dll  pUoiii  it  dw  eonnoniutu  HvMiiiiuii 
(10).  Plui  rdnmmint,  Moniy  it  Omin  (22)  ont  tinll  (ivie 
pM  di  weeti)  d'utlllHr  nn  iMdlintiur  horiiontil  (did), 


Flnnlimint  li  miUliun  Ipnuvi  di  Klmulitlon  otollthii|tti 
iwtilili  uni  douti  in  uni  mtitlon  i  vltiM  lonilinti 


A  n  Jotii,  in  d^li  di  1‘lntMt  ptduntd  pir  tu  rndthedu 
indlnctM  qul  vlinnint  d'ltn  dvoqudiii  lu  dpnuvu 
pfovoulrlMi,  doni  li  but  id  di  fitri  ippirnttri  lu 
lympiAmM  urutdrlitlquM  d«  dndtoui,  lonitltumt 
incori  I'liuntlil  d'uni  dlminhi  d'^iluitlon  di  li 
wiuptlbUltd. 

Lm  uvum  di  li  UttinttiN  (21i  27)  monttint  qut  di  trti 
nombMux  moyini  ont  dtl  mli  in  oiuvn  pour  provoquii 
I’lppiHdon  du  qmdromi  di  dnkow,  luid  Win  m 
libontatn  qui  wr  li  iimln.  Bn  filt  quilquu  tMhniquM 
prindpntii,  lirgunmt  utUlidu  pour  I’lvnluiilon  di  In 
WiuptlbUltd,  piuvint  dtri  Idintindu  it  uront  ddorltu  Id. 
QuiUm  quo  wiint  lu  itlmulitloni  unploydu,  pluiliun 
probltmu  u  pount  k  I'updriminiitiur. 

Cut  tout  d'lbord  li  proWdini  di  I'lntindtd  it  di  li  durdi 
dM  itlmuiitloni,  li  proioMli  ihotd  downt  dtro 
dlurlmlnint  it  Mtir  I'lfht  pinnihir  it  I'lffit  plitond.  Ci 
unt  luid  IM  crlldfM  utUtili  pour  orritir  rdprwvi,  pour 
Ju|ir  do  li  idvdrlid  du  irnlilu  provoqud  ot  pour  quintlHor 
In  WMoptibUltd  vU  k  vli  di  li  itlmulitlon  iinploydo. 

lAl  TukalqUH  ot  praioiohi  do  ittmulollaii 

r,inti  (17,  It)  0  oflbduk  uni  rovuo  oomponlivi  ddMlUio 
du  dpnuvu  di  liberitolro  Iw  plui  utlUilM  pour  dvoluir  ii 
WMiptlbUlid.  BUh  ont  pour  prindpo  conunun  di  glndror 
du  iliuMloni  oO  M  produlunt  du  wnlUU  unwriili  qui 
ibouiluoiu  buuMup  plui  npldomint  lu  tynrtromi  da 
dnktow  quo  In  liiuitleiu  rdoUoi  do  timtn.  Bn  uiUluni 
uno  dlohotomii  ilmpli,  on  pout  l|ilimoni  diiur  oh 
tpriuvw  Hlon  lo  typo  do  Mimulitton  do  mouvoinint  dkUvrt 
lu  ujati  prindpilofflont  icedidniloni  Uniilroi, 
iMildritiOnk  ufuliirN  ot  Intonctloiu  vUuo>viiiibulilro. 
Lii  mdthodN  utlUunt  In  iltuitloiu  do  tamln  ok  In 
dlmulitloM  wnt  hibItuoUornont  bwuooup  plui 
dlffldlomint  wntrOliblN  no  uront  pu  duoqudu  Id. 

2  J.1.1  Acrkidntloni  UntairN 

Cn  ^rouvN  voni  NuniloUimint  dlmulw  In  rkouptiun 
otoldklquw 

L'lwdUntour  vwtlul  •  M  trki  lirgomont  utUlid  an 
partlMllw  pour  Id  pridtdton  du  mol  do  m«.  Compto  lonu 
du  domaini  do  ft^ijonN  ralitivonwnt  bu  dN  MlmulitloM 
dRiUuo  (0,1 1 0,4 |U)  N  du  nivutt  d'iNlUriilen  riquli, 
N  lypa  do  itimuldtioa  «l|i  uno  grindo  impUtudo  da 


•utour  d'un  in  IncUnd  pir  ripport  k  Ii  vartlHla  tirroMio. 
Do  nofflbriuiN  kqulpu  u  unt  Intdroudu  lun  ollbti  di 
Ntta  dlmulitlon  qul  lolllelia  li  fencUon  otolithlqui  par  la 
Will  di  In  rkoriintillon  lonitinii  du  vactour  gruvlta 
ulotlvimont  lux  nticulN  utriculoirN  it  uccuIiItn.  II  I'lglt 
Ik  d’uno  apriuvi  tiki  provowtilu  dont  la  mlu  on  oouvro 
dimouri  roluivinwnt  limpla. 

Ptualoun  viriloni  codllMN  do  m  toat  ulitint  comma  la 
Tiltad  Aidi  Betitlon  Toit*  (TARI)  utlUid  k  Panucolo  ou 
Ii  ‘Off  Viiilul  Betitlon  toit*  Inltlilimint  eonpi  pir 
Or^fblil  M  MlUir  It  ineori  utUlid  uui  uno  forma  modlflko 
(OVK)  par  li  NA2A  (It).  Dini  In  doux  lu  I’uo  do 
rotition  oit  Inellnk  do  25  k  30*  lu  mudmum  ivw  dN 
vltoiiN  do  rolitlon  qui  ni  dkpaiunt  pu  100  */•  pour  lo 
TART  M  pauvont  utolndro  240  */*  poar  I'OVR.  Notont 
mfln  quo  In  rolalloni  autour  d'aiN  purimant  horliontiuii 
(PAM)  ont  <|ilomint  ttk  utlliidN  avu  wwti  dini  dw 
ktudu  d'kviluitlon  do  la  wuoptibllita  (12, 22). 

32.1.2  Acediaratioiu  ingulalrN 

L'utiliutlon  dN  iHtltritlani  aniulilru  aonitllui  uno 
mkthodo  da  ehoix  pour  prouoquir  ripidomani  lo  qmdtoini 
di  oinaioH.  Bllo  no  roqulirt  itntralimoni  qu'un  ilmpli 
IkutouU  toumint  n  qul  on  Ml  uno  iiehntqui  i^ 
awnomiquo  wr  li  plin  dw  imtaUitloni.  Lo  hutouU 
tourttanl  a  miinlinint  prwqui  loialomani  rompluO  In 
autrw  itnariiiuri  d'lecdlkntloni  inguliiroi,  comma  lu 
bilanfolrw  largimoni  utlUitN  dm  In  iravaux  hlBorlquii, 
in  paiticuliir  lu  Canido. 

Ptuiioun  toohniquN  dIfNrontw  pouvoni  Otn  dderliH  an 
(ottoilon  dw  protooolH  utUlidi. 

U  rdpltltlon  d'lrrlii  rapldw  do  la  rotation  iprki  uno  phiu 
k  vUnn  conilanti  w  connuo  do  longuo  data  pour  in 
iffHi  provouiouri.  Cotta  liehniquo  oM  IdoniUMo  comma  li 
*wdd^ep  tM',  Bllo  oeniiiio  mottro  lo  iiOit  on  rotation 
a  300*/*  pondint  30  ucondN  puli  k  I'lrttlw  M  1,5 
uconda,  Aprki  SO  ueondaa  d'arrti,  la  preoddun  on 
ripatio  20  foil  In  yiux  Mmta,  pula  20  fob  dam  un  una  In 
ywa  ouvart  it  tvantuollomant  20  Ibb  dan*  Piutra  ton* 
juiqu’k  N  quo  lim)*i  ittoiino  un  critln  da  malaiH  dtflni 
kl’avaMo. 

lm  Iprwvw  ulUlum  raffit  dw  MiataridMU  da  Cotlolb 
tur  lo  lyttkmo  vottlbulilri  unt  un*  deuto  In  plui 
raponduN  on  matitro  d'aualuitlon  do  la  uHuptlWllta. 


mouvimam  dona  un  appirollli«o  tourd  N  ineombiani  dont 
pau  da  laberwolfN  pouvoni  diipiMHr. 

Una  aliaraatWi  lat  ooiilltuao  par  Pudltuilon  d'uno 
balaafolftpaiallktnqui  paimat  do  daBvrw  dm  attmulatlon* 


Fandamanialafflont,  on  aprouvw  ripoaani  wr  Pwawtion 
da  mottvotnanii  atiUl  ou  paiilik  da  la  tkto  pMdant  um 
rotiilott  k  WtoHO  aonitanta.  Da  nombraui  pratowlu  ont 
ainiidtauiUlaai. 


H-(S 


U  vMUbulw  dlMrimltlten  tM"  (BV13T)  M  um 
tpnuv*  wtrlmwiMitt  rlptnduf.  Aprto  30  Mcondti  d« 
rotitlon  3  um  vOmm  conittni*  d*  90  */•  I*  H*>  Mdcuu 
touiH  iM  30  MoondN  dM  mouvtfflMU  tciUk  d«  li  titi 
d’tmpUtudt  43*,  M  •llumim  IncUniUon  i  droit*  tt 
in«Uniiion  I  |iu«h«  (f^4  dwix  fol*),  pul*  fl«lon  van 
I'lraHt.  Apr!*  ehaqu*  mouvMiini  1*  *it|*i  rwlint  wi 
poiltlon  MulN  I4t«  dtolif.  L*  iwnpi  mudfflam  d*  routlon 
HI  da  5  fflinutai  «t  30  Mcmda*  at  la  Htlai  affaeiua  I  I'luua 
du  tail  UM  luiodvaluiiion  conflrm**  par  un  leora  4l*bU 
paruflobMivtltur. 

La*  dtuda*  ntanda*  daiu  I*  ahambra  d*  rotailon  ianta  da 
Paaaaaola  avao  la  'dial  tan'  ont  M  3  la  aouraa  d'uii  daa 
proieaeta*  la*  plu*  utUlada  3  I'haura  actuall*  (18),  la 
‘Coriolli  Sldmaia  luaaapllbaiiy  Iitdin  lait*  (CSSl).  Ca  tan 
a  4t3  ddvaloppd  an  «ua  d'aboutir  3  una  quantlfloatlon  da  la 
auacaptlblUtl  au  moyan  dW  aaora  numdrloua  unlqua. 
L'dprauva  aonalat*  an  I'aiOaullon  da  mauvananl  laiUl  da  I* 
tit*  3  90 '  altamaiivamant  dani  laa  quadrant!  avant,  drolta, 
*nl3r*,  faucha,  tvae  ratour  an  poiltlon  nautra  antra  daux 
mouvamanu,  La  vitaaaa  da  rotation  du  (lutiuU  toumant  aat 
auimanila  par  pallara  pour  itialndra  au  mnlmum  180  */•> 
L'lprauva  an  airllla  loiaqu*  la  at^at  attaint  un  nlvaau  da 
maialaa  pridliarmlnl.  La  awra  da  luiaaptibllltl  aat  alora 
calwll  an  pranant  an  aompt*  I*  nombra  da  mouvamania 
afTactuI*  pandant  chaqua  pillar,  pondirl  par  un  factaur  111 
3  la  vltaiaa  da  rotation. 

Da  nombiauiH  varlaniai  da  aaila  Iprauv*  ont  Itl  adaptlaa, 
an  uUllaant  da*  protoaolaa  an  rampa  da  vltaiaa  ou  aulra*  at 
an  Jouani  lur  la  nombra,  I'lmplltuda  at  la  naiura  daa 
mouvamanu  da  ill*,  lalon  I*  but  raaharohl, 

Lai  Sovlltlqua*  utUlaant  pour  la  allaatlon  daa  coamoniutaa 
pluilaun  protooolaa  Ikliant  appal  3  I'alfii  aumull  daa 
loclllmlon*  da  Corlolla. 

La  plui  ripandu  acnalita  3  fair*  aflbatuar  dai  mouvamania 
du  buna  da  90  'darn  I*  plan  aaplital  avao  una  plrlodldtl  da 
5  Hoonda*  at  un*  vliaai*  da  rotation  du  fautauU  liablla 
d'amblla  3 180  */t.  La  durla  minimum  da  l'lprauva  aat  da  8 
mlnutai  at,  il  la  tollranoo  du  aujat  la  parmal,  all*  la 
proloni*  Juiqu'l  13  mlnutaa  ou  plua  pandant 
I'antralnamant.  II  I'agll  done  d'un*  Iprauv*  axtrlmamant 
brutala. 

Laa  aulaura  uvUtlquai  (10)  attaehani  um  grand* 
Imporiana*  aua  rlaatloiu  n*utovlgltii|v*i  iploUlquai  du 
qmdroma,  mill  auid  aua  rdamloni  airdla^aMuliiiai.  Un 
lull*  protoaola  utiUid.in  lUaatlon  utlUa*  dai  mouvamanu 
altamatifi  da  la  tita  3  droll*  at  3  gaueh*  pandant  un* 
toiailon  3  180*/!  avaa  arrli  leutaa  laa  mlnutai.  Lai 
parim3traa  cardltMUMulalrai,  pmalon  atllilaUa  *1  lytlim* 
aardlaqua,  lent  alOM  Miiurl*  puli  la  rotation  raprand  an 
lani  tnvara*.  La  oindldai  doll  lublr  aatt*  proeMur*  10  foil 
luoamlvamant  ivaa  un  trii  bnd  irtM  antra  daux  pirlod* 
daratillon. 


3J.U  Int*rietlonivliu».viitlbulilrai 


La  'Vliual'Vaittbular  Intaraetlon  Tad"  (WTI)  aonatitu* 
un  axampl*  d’lprauv*  utUlwnt  laa  Intaraclloni  vliuo-  « 

vatilbulalrai,  n  eonilil*  3  aoumaitr*  un  aq^at  3  un*  ^ 

•timulitlon  OMlllatoIr*  3  0,02  Hi  avao  un*  vltaaa*  aril*  da  4 

153  */•  an  lul  damandint  ilmultanlmant  d'affaetuar  un*  | 

tleh*  vtauall*  d'Mractlon  da  donnlai  dani  un*  mitite*  da  f 

nombrai,  II  a  Itl  alnil  montrl  qua  la  complaxitl  da  la  ileh*  | 

vliudl*  imaivanali  dgnlfleatlvamant  dana  la  alviriti  du  | 

matala*  obiafvl.  s 

Monay  at  Coll.  (23)  ont  utlllil  1*  port  da  prlamai  Invirunu 
pour  taatar  la  auioaptlblllil  da*  aitronautai  du  pramlar  vol  | 

Spiealab.  Toutafol*  la*  mouvamania  da  li  tit*  at  In  \ 

diplioaminti  afflotula  liani  llbraa,  I'lvaluiilon  a  una 
valaurpluiqualliitivaquaquantlUlIv*.  4 

D’una  manllr*  glnlrila,  on  paut  Iplamant  iialmllar  lat 

Iprauv**  utUliant  la  vactlon  airaulalr*  ou  Unlalra  lux  | 

Iprauvoa  d'lmariellon  vlauo>vaatlbulalr*. 


3.M  arltlrai  da  Jugamant 

■3 

La*  arltlra*  utlllili  pour  Jugar  da  li  luioaptlbllltl  daa  auJaii 
prliitttant  un*  grandi  Imporiane*.  n  aonvlint  an  affai 
d'lvltar  III  probllmaa  d'affat  planchar  at  d'alfat  plafond  il  ^ 

Ton  vaui  rialliar  un*  alaialfloatlon  tuffliammant 
dlaeilininani*  da  la  population  Itudll*.  Par  mmpi*  un* 

Iprauv*  pau  provoeatrla*  aiaodl*  3  da*  arltlrai  da  malali* 

alvir*  donna  Uau  a  un  affat  planohar  dani  la  maaura  ob 

baauaoup  da  aujati  rliquini  di  n*  Jamali  aliaindr*  la 

critir*.  L'invana,  (Iprauv*  tr3*  pravoaairla*  at  arltlra 

fklbia)  donni  lliu  3  un  affat  plafond.  On  doll  dliiinguar  Id 

la*  Iprauvai  affaatulai  an  lio>itlfflulu*  aomm*  1*  BVOT  at 

In  Ifuauvu  an  iao^milalM  aomm*  I*  C8SI.  Dan*  In  daux 

ON  I*  probllm*  du  arltlra  da  Jugamant,  arltlra  d'arrit  ou  i:. 

arltir*  d'lviluatlon  va  m  poMr.  La  viUdlll  da  I’lvaluitlon  | 

da  la  auioaptlblllil  vi  rapoaar  pour  un*  part  Importinta  lur  1 

laflibllltldaaNarlllrN.  * 

I 

3  J  J.t  arltlra  d'arrit  f 

Da  nombraux  crltlrM  d'arrit  ont  pu  liio  ulUlali. 

L'ai^rlllnn  du  vomliMmant,  lign*  objaailf  da  la  ilviriti  , 

du  malalH,  aat  conildirl  aomm*  un  bon  aritir*  malt 

prtMnta  dN  Ineonvinlant*  Ivtdinti,  partlaulilramani  dana  i 

In  ItudN  nlaaMllanl  li  eooplritlon  dN  lujat*.  La  plupart  |  i 

dN  autauii  utillwnt  plutOi  I'lpparliton  d’un*  niuil*  i 

Ifaneh*  at  non  Iquivoqua.  I  i 

'  [ 

Pour  palllar  In  dlfnaulili  d’ldlmatlon,  dN  lahallN  d'iuto>  i 

Ntlmatlon  ou  d’obHrvitlort  da  I'lnianaltl  dN  lymptOmN  | 

ont  M  (UvalopplN,  Un  nplr*  aur  aoit*  Mialla, 
glnlralamant  numiriquo,  parmat  alora  da  fbi« 
aommodimani  la  arltir*  d’arrit  da  I'lpfauv*.  i 


coiuciMU  riwltint  itt  Avkntmmii  iiuiqMli  noui  MminM 
Mumli  pw  r*nvJ(onntm«nt.  Stwani  *  monlM  qu«  Mit« 
Milmttion  pouvtii  Itn  numtrlqu*  «t  m  raprlMntu  tout 
form*  d'MttUu  piychophyilquM. 

Lm  MiallM  pqfchophyalquM  ont  pour  prtndpil  •vtniai* 
d’KItor  quo  I’ebMivitwr  Indulio  un  Uiii  pir  mu  iitnuMct 
•ur  IH  rdpofUM  du  iq)il>  11  no  I'igii  loutofoli  quo  d'uni 
luio^MImuion  NpfdHntut  I'^pdtiMM  qui  rdwlto  k  ti 
foU  do  li  Mlmultllon  ptitiMt  «  do  li  mdmoln 
d'Mpdrltnooi  Mitoguoo  plutftt  quo  It  nJvtau  d'inioniitd  du 
Ulmuluiphyilqut  tuquti  to  iq|ti  tti  ooumli. 

Pit  prlndpt.  I'Mpdrionao  vOouo  ptr  It  tqjtl  nt  ptui  dtrt 
eofflptrdt  I  etilt  d'un  tutrt  IndMdu  du  foil  dti 
etrteidrItUquti  ImotlonnaUtt  mtii  tuul  d’unt  mdmolrt 
dti  txpdritnctt  ptttdti  proprw  I  thttun,  Ctd  ttpUqut  It 
rtallMilon  Mqutntt  d'dtudtt  tn  lio>mtltlM  k  I'lldt 
d’fthtUti  dont  lot  lUvotux  Mill  flxti  I  priori.  On  utUlM 
done  rtrtmtni  dt  vdrltibltt  lehtUti  dt  "bitn'ltrt  dlobtl* 
puliqu'tllti  ni  ptuvtni  bdnMdtr  dt  nk»«:<ii  Ibidt  k  priori. 
11  Mmbit  prttdrtblt  d'tmployar  dti  dehiUt.'  ei'tflirtnt  tn 
prloiiid  I'iniintltd  dot  qrmpidmu  dl|ittlllii  ti  noummoni 
dt  It  niuidt  qui  ttt  It  il|ni  etrdintl  dt  rtpptiltlon  it  dt  It 
tdvdritd  dot  diidloMi.  Aliiil  lot  primibrti  dludti  rdtliidai 
durint  It  Mtondi  guirrt  mendltli  ptr  Wind!  utUlMltm 
d^lk  unt  dihtllt  pqichophytlqut  bull  wr  Iti  qmptdmii 
digtulA.  Lm  dnIloMi  diiltni  diudM  dint  un  ordrt 
trolHtnl  dt  tdvlriid  Mlon  troii  rdpoiiMi  t  inMAlort, 
ntuidti  HiuvomliMfflinM,  vomlutminii. 

Lm  donniM  dt  It  lltidriluri  lur  et  iq^ii  montrtnl  quo  dt 
nombriuMt  MhtllH  ptuvtni  lirt  tonttruiiM  tur  to 
prlndpt,  II  y  1  quilquM  inntti,  Omtii  (24)  i  btin  Mullgnd 
rintdrlt  dt  tM  dchtllN  dtiu  I'ipprtditloit  dt  It  dyntmlqut 
dM  qrmpidmM  dt  dndioN.  BUh  oni  in  ptrlleulltr 
l'ivtnii|t  dt  donntr  unt  lini|t  dyntmlqut  dt  I'dvolutlon 
dt  It  idvirlli  du  mtltlM,  m  qui  ptut  dirt  utUM  dtiu  dot 
proctHui  dt  modillHtian. 

Lonqut  I'on  utUiu  dt  itUtt  MioUm  eommt  eiitbrt  d'trrMi 
on  convitnl  gdndnlimtnt  d'dvittr  1m  nKtiuit  1m  plui 
titvdi  eir  rinitniiid  dH  ^pi6mM  eraK  ilon  tn  cuetdt 
tl  iMvomliHmtnii  ptuvtni  wrvtnlr.  L'irrit  til  ddoiddpir 
It  iujti,  prltlibltmtnl  InToimd  du  nlvttu  k  tlltlndrit  tt 
nonptrl'obwvtltur. 

A  I'oppetdt  un  tuirt  proeddd  d'dviluiilon  loniliit  I  uIIUmi 
iM  obitiviiioiu  offNludM  ptr  un  llirt  lur  It  idvdrlid  dti 
qimplAmii.  L'wtn^t  It  |dui  dltbord  dt  iMti  itthniqut 
Mi  unt  douli  I’dihiUt  dt  Qrtybiil  ti  Mllltr  ou  dthtUt 
diiipioiilqut  dt  PinuMlti  qui  tiioiit  dM  infomttloni 
d'iuio4itimilion  d  I’dvtlutllon  ptr  I'txpdilmtnitiiur  dti 
muiflMiiliMt  otiltiilvti  qu'tt  obttrvt.  Ct  Mori  Aid  ipptl 
lu  ttni  ^qut  dt  I'obitiviltur  pour  It  mnurt  dt  It 
pdltur  It  dt  It  tudidon.  L’idtniintillon  M  It  mtiutt  dH 
lulNH  qnnpidfflM  (ntutdiii  itUvuioii.  tndoimlmminii 
idphildti,  ddidquIUbn)  Ami  ipptl  d  I'tuliMititmttlon. 

Li  Hort  4k  Onyblil  M  MIUh  tit  eenitdud  pn  )t  lommi 
du  polmi  uiribudi  pir  rdtdilti  lui  dlffldrtnu  qmptdmu. 


II  hui  nottr  quo  ct  modi  dt  quiniUlcitinn  (ill  ipptl  1  dM 
ipprldiiloni  lubjttllvu  dt  It  purl  du  pttltnt  tl  dt 
I'obMiviltur.  Dt  plut,  IM  tymplAmH  prii  tn  tompli 
ptuvtni  rtAdltr  unt  tipom  vdgditilvi  earteidrtitique  dt 
ttriilni  iu)tii  tl  nt  pu  dirt  Udi  d  li  idvdriil  dM  dndlOMi. 
On  rliqut  pir  Mimpit  dt  lurtiilffitr  It  mililM  prdunld  (il 
I'on  u  rdldri  d  unt  dthtlli  p^opbyilqut)  pir  Im  tq^tli 
Muffili  d  un  tnirtlnimint  tdroUi  rdguUtr  ptr  lit  ptduniini 
unt  ludtiion  plui  Helltmini  itimuliblt  qu'unt  populillon 
dt  rdfdrtnct. 

BItn  qut  Riuon  tl  Or^ltL  tltnl  monird  unt  toirdlillon 
fflonoiont  tnirt  Itur  dthtlli  d’luio  Ntlmiilon  tn  12  pointi 
tl  II  Mort  dt  Pinueoli,  It  bui  lutniltl  dt  m  dtrnltr 
diffiturt  II  ddiirmlntllon  d’un  orlidrt  d*irili 
ifMpdilminiillon.  Bn  tlM,  eommt  It  Mulignt  Omin  (24), 
It  iindinM  d  nt  prdMnlir  qu’un  ehlfAt  globil  rtprdMnlini 
I'lnitniiid  du  mtlilM  inidvt  d  Mill  ttehniqut  unt  pirtit  dt 
Mn  Inidrdi  pour  uilvri  I'dvolullon  du  lympidmu. 

Lu  dehillM  pvthophytIquM  oni  rivinligi  d’dirt 
ficiltmtni  tl  ripidtffltni  ditbllM.  BUh  ptuvtni  dirt 
uilUidu  pour  lulvrt  I'dvolullon  du  qmdromt  dt  elndlou  ou 
pour  ddllnlr  un  erlldrt  d'trrdi.  Ctptndini  lUu  mH  fonddu 
lur  du  ipprdeliitoni  lubjtctlvu  tl  lur  It  irinilorffltilon  dt 
vuitblH  quilliiilvM  tn  unt  ou  pluiliun  virliblu 
quinilitilvu.  BUh  uni  done  nliilvimtni  ImprddMi  m 
Muvtni  nt  ptrmtiiini  pu  dt  bltn  dlfMrtndtr  du  nlvtiux 
trdt  proehu  d’Initnilid  du  lyndiomt  dt  elndlou, 
ptitleuUdrtmini  pour  lu  nIvHUX  ditvdt  qui  ptuvtni 
i'inehiintrineiitidt. 

2  J2.2  MuurH  phyilologiquu  opIiellvH 

L'dvtluillon  dt  II  idvdriid  du  miliiu  pir  unt  dehtUt  liiut 
done  tubiliiH  unt  rtlillvt  Imprdetilon  Udt  tun  upteti 
lubjNiUli  dt  II  ttthniqui  implode.  Dt  nombrtui  iiroiti 
otti  did  tonuerdi  d  li  mlu  lu  point  dt  muurM 
phyilologiquu  rtprdunlitivN  dt  I'lnliiulid  du  ^pidmu 
provoqudi  pu  lu  illfflulitloni  dt  libomolrt.  Li 
ddiirmlnitlon  d’didminii  obJietUii  tufflummini  fliblu  tl 
prddi  pour  pouvolr  dtrt  ullllidi  in  tint  qut  erlldrt  d'trrdi 
ou  eommt  Indict  dt  idvdritd  unit  bltn  dvldimmtm  d'un 
grind  Intdrdi  tuiil  bltn  pour  lu  proioeolu  tn  Ito-mtlilu 
qu'tn  Ito-ttlmului. 

Li  rnuurt  dt  virliblu  otrdloiViMUliIrHt  uwimt  It 
Adqtnu  urdliqut  M  dt  It  prtitlon  lAdritUii  i  dt  tout 
iwiiw  tuidid  un  vtf  Intdrdi.  Bn  (Ht,  U  umblt  dlMuilt 
d'utlllMr  eu  vulibiu  tn  niton  du  grtndu  vulilloni 
inttrindMduiUu  oburvdu  due  lu  rdponiu  tux 
Mlmulitioni  niuidogdnlquu  BIgntloni  loul^  qut  lu 
MVIdliquM  prdooniulini  inMrt  U  y  i  qutlquu  inndu  unt 
Ugni  "dun"  tulmllinl  d  unt  miuvilu  toldnntd  loult 
virliilon  dt  li  Adquinu  urdiiqut,  dint  un  unt  ou  dint 
I’luin,  dt  plui  dt  10  biiitmtnli  ptr  mlnuti. 


Li  muun  odtjuilvt  dt  ilgnu  murovtidtitlli  eoaimt  It 
dtgrd  dt  wditton  eu  li  pdlittt  priunli  du  dWIndtld 
im^intu.  Oud  Id  mdmi  deiHiliiii  U  (but  twenddiii 
li^ir  lu  rdiulliti  tnceuriiiinlt  iMtnui  pir  Puliu  (9) 


«vtc  la  rntMN  da  la  conduction  cutando  palmalta  at  caua 
plui  rdcanti  da  aoldlni  (i)  qui  a  utUM  avaa  lucota  la 
ffllma  mithoda  au  nlvtau  du  from.  11  faut  igalamant 
•ignaltr  lot  rdiultatc  obtanui  avao  laa  anragiairamant  BBQ 
pvitdant  la  ilimulatlon  (])•  qui  lamblani  montrar 
I'aiiparilioA  da  complagni  potnta>ondo  pandant  la 
tMvaloppamam  du  malaiia. 

La  raiamlaMmam  daa  diidloaaa  lur  ta  apMra  digaativa 
eonailtua  Igalamant  un  point  d'lnttrlt  pour  I'abtantlon  da 
maaucaa  objaeilvaa.  Daux  typea  da  tachniquaa  ont  did 
prladpalamam  utUlada  dana  laa  dtudaa  rdcantaa. 

Can  d'una  put  la  gutrcMnidroiraphia,  a'ut  I  dira  la 
maiura  daa  varluiona  du  ohamp  dlaclriqua  da  I'aatomao  at 
daa  vlaatrM  aoua  t'lnfluanea  da  aitmululona  pravoaairicaa. 
Bn  ddpli  daa  difrlaultda  d’anraglatramani  «  da  traltamani 
du  algnal  qui  pauvant  lira  ranaomrdaa,  ea  typa  da  mmura 
aambla  pouvoir  aboutir  I  daa  rdaultaia  inidraaaanu  (SO). 
Cana  tacluiiqua  monita  an  partiuuliw  I'axiaianca  d'una 
atonla  antrala  qui  aambla  blan  eorrdlda  xuae  la  aanaatlon  da 
nauada. 

la  dauxldma  laahnlqua  hit  appal  k  I'lmagaria 
dahographlqua.  A  I'alda  da  aaiia  tachniqua  II  aat  poaaibla  da 
maiira  an  duidanaa  la  ratard  da  vidani#  gaairlqua  rdaultant 
du  ^roma  da  dndtoaa  (SI),  Una  dtuda  rdoama  (32)  a 
montfd  qua  la  ratud  da  vidanfa  guirtqua  d'un  rapu  aami* 
llquida  Ingdrd  avant  una  dptauva  provoaatiica  diall  aondid 
llndaliamant  (Ra0,g5)  I  rintanalid  du  malalu  provoqud 
par  la  atiinulailon  (dvaluda  au  moyan  d'dchallaa).  Il  axiita 
capandam  una  aiaaa  forta  variabllitd  Intarindivldualla  at 
I'dtuda  na  I'aat  pu  Intdraaada  aua  dvantuallM  variatloni 
Intra'indIvIduallM  (tait-rataai).  La  maiura  ndcaailta  una 
bonna  pratlqua  da  I'dahographia  digaativa  at  la  rdpdtliion  I 
Intarvallaa  rdguUara  daa  priaai  d'lmagaa.  ea  qui  auppoia  una 
ImntoblUuiion  ralativamant  protongda  du  lujat.  Si  la 
(labllltd  diait  ddmomrda,  ad  t^e  da  maiura  pourrall  dtra 
partIcuUdramant  Inidraaiant  pour  lai  dptauvai  an  lio* 
iilmuiui  oil  la  ddtarmlnatlon  da  la  idvdritd  du  malaiia  art 
toujouri  ddlieata. 

Dam  la  mdma  dtuda,  Valmalla  at  Coll,  m  unt  dgaiamant 
Intdrauda  k  I'dvolutlon  da  varliblaa  hormonalai  an  ronation 
da  la  Idvdritd  du  malaiia.  11 1'aglt  II  piutdt  d'una  dtuda 
piloia.  portant  aur  6  aq^ati  at  laa  rdiultali  obtanui  dolvant 
dtra  tttnalddrda  avN  prudanaa.  Una  talation  ilndalta 
(R-0,g)  dtd  obiatvda  antra  la  taux  d'AVP  piumatlqua  at  la 
idvdriid  du  malalM  I  I'laiua  dai  dprauvaa  ptoveaairlcaa.  Da 
mdma,  una  aiimi  bonne  aorrdlation  au  obtanua  antra  la 
•dudrltd  du  malalM  at  la  taux  d'dpindphrina,  mala  la  taux  da 
nordplndphrlna  no  mmUa  pu  avoir  did  modifld  d'una 
manldra  ilgninoailva. 

3  J.2.4  mm  da  luiaaptlbtllld 

li  conviant  gdndralamani  da  na  paa  eonfondra  lai  dshallu 
abotttliaant  d  i’artifflitlon  du  inalatu  avaa  lea  Indiaaa  da 
toldranaa  qui  raildtant  la  "quantltd  da  itrau*  aubla  par  un 
ilijat  pour  acidvar  I  un  nKaau  da  malalu  ddiannlad. 
Tdutalbii  Iw  laoru  da  maltlaa  lont  parfoli  uiUiada  aomma 


Indiaaa  da  toldranaa,  an  particullar  dam  Im  dtudai  an  iia> 
atlmulua  (BVDT). 

Dana  In  dtudu  an  lio-malaiN,  lea  rndthodu  Iw  ptui 
limplM  aonalitant  I  utiUiar  dlraatamant  la  durda  da  la 
atlffluliiion  ou  la  nombra  da  itimulatlona  provocatrlcu 
aubiaa  par  la  luJat,  La  notion  da  durda  paut  dgaiamant 
antrar  tvM  la  aaera  da  malaiia  dana  la  oompoiiHon  d'un 
Indlea  unique  utlUad  par  aaampla  pour  nngar  dw  donndu 
an  vua  d'una  axplolidllon  itatlitlqua  (13). 

L'tndlaa  la  plui  utlllid  aat  irdi  aaitainamant  la  C.S.S.1. 
(CorloUi  Siaknaw  Suieaptlblllty  India)  mil  au  point  pu 
Millar  tt  Qtayblal.  Cal  Indian  a  did  dMbll  pour  laa  dtudu 
utiliiani  tu  laadldratloni  da  CorloUi  Mion  la  protooola 
dvoqud  plui  haul  (CSSI  tail).  Pour  una  vttaiia  donnda,  la 
nombra  da  mouvamanti  da  tdta  ndaaiaalrea  d  I'litalnta  du 
nlvaiu  da  idvdilid  find  art  un  tdmoln  da  la  luivaplIblUtd 
Indlvldualla  aux  alndtOMi.  Plui  la  nombra  da  mouvamanti 
da  tdta  rdaliid  ait  Important,  molni  la  iqjai  art  unalbla  at 
Invaraamani.  Loriqua  la  vltaaaa  da  rotation  augmania,  la 
atlmulua  deviant  plui  Important  at  la  nombra  da 
mouvciuButa  da  tdta  ndaauaira  ddarolt .  Millar  at  Orayblal 
ont  aatauld,  Ion  d'dtudu  an  liomalalH  at  k  du  vtiaaiu  da 
rotation  dl/fdrantai,  I'alTai  "itraiaant*  d'un  unique 
mouvamant  da  tdta.  Caita  relation  art  da  typa 
logarlthmiqua. 

La  ittKaptibliltd  aux  alndioiu  Induitu  par  lu  aaadldratloni 
da  CorloUi  (More  CSSI)  paut  dona  dtra  aalculda 
ilmpiamant  i 

C.S.S.t.  >ZB|N{ 

B I  afru  d'un  mouvamant  da  tdta 

N  :  nombra  da  mouvamanti  d  una  vltaiaa  da  rotation 
donnda. 

La  flabltiid  da  cat  Indlea  ddpand  dona  aiwntlallamant  da  la 
nibllitd  da  la  ddtarmlnitlon  du  erltdra  d'arrdt  qui  eit  an 
priticipa  la  'modaraia  malaiia  11"  da  I'dchalla  d'obMrvatlon 
da  Orayblal  at  MlUar, 

iJYWTHggg 

Lm  rndthodu  d'dvaluailon  da  la  luiaaptiblUtd  aux  alndioiaa 
loni  dona  multiplu.  Bn  rdgla  gdndrtlo,  ca  typa  da  iltuatlon 
lignUla  auantiaUamant  qu'iuauna  d'tntra  aUu  na  eonitilua 
una  ptnaeda.  Cad  aat  Clamant  vrii  pour  In  arltdru  nu 
maautu  utlUidi  pu  an  dilTdrantu  rndthodu. 

Bn  I'appuyant  lur  du  oondddratloni  uitlulquaii  Xanna4y 
(9)  aoullgni  irdd  alulramant  qua  ta  ftabUIld  da  la  prddidion 
art  dlraatamant  aondiilonnda  par  la  flabUltd  da  la  laahnlqua 
allumdmi  «  ulla  du  muuru  qu'aUa  utUlia.  Cad 
aoiutltua  blan  lAr  un  paint  uiantlal  d  prindra  an 
ueniiddrttlon  lonquo  I'on  tanta  d'SvalUu  la  lUNivinilUid 
d’un  indlvldu  donnd  via  d  via  d'una  iltuatlon  opdratlonnalla. 
Bn  ippUquiiu  aa  type  da  ralMnnamuit  itttliliqua  tux 
difllrantu  Itohniquu  d’dvtltttllon,  U  iboutit  d  lx 


concluilon  qui  Im  virltbiM  phjnloleglquu  «  Im  triiu  d« 
ptnonntUtt  ont  uns  vilwr  prtdlctlvi  Mbit  iloM  qu«  doi 
riiulUli  plui  utiifUwnti  tont  obttnui  lu  moym  dot 
quMtloiuiiiTM  M  dM  dprtuvH  provowtiiCM.  Lm  nwUlturu 
ptMictloiu  Mnt  Mpmdint  ebiinuM  m  utUUini  dM 
niMurM  M  tttuUton  opdrtiionmUi. 

Sini  Miw  dui  dM  eenilddntloM  luUiilquH  tvinolM  at 
avM  la  Mud  da  taitar  eonerat,  la  prlndpal  aiuaicnamaiu 
qua  I’on  paut  tirar  dM  ItudM  tur  I’tvaluatlon  da  la 
wwaptibllltd  aK  qu'il  taut  idiptar  MlgnauMmani  Im 
taduUqaM  at  Im  mawnt  u  but  radiaiehl,  La  preMbma 
aat  an  lUt  dbitlliaar  au  mlaui  dM  taahnlquM  qua  noua 
aavona  Itra  ImparfUtM.  Daua  poinu  aaaantlala  dolvant  Mia 
aouligndai  la  nkaaaltd  d’una  |randa  rijuaur 
mathodologlqua  d'una  paR  at  la  prudanM  dana 
rintatpritatlan  dM  iMultata  d'autra  part. 

Lm  mdihodM  d'tvaluatlon  utillaant  Im  quaatlonnairM  ont 
un  InMrlt  Mrtain  loraqua  Ton  diarolia  It  Maluat  la 
auMaplIbiliid  d'un  grand  nombra  d'IndMdua  BUm 
parmattant  da  tdar  ralatlvafflant  alalmant  Im  IndMdua 
aMtdmai,  trM  auaMptlblM  ou  pau  MaaapltblM, 

Maliwurauiafflani,  pour  Im  auacaptlbuitM  Intamidialraa,  la 
pouvolr  prddletif  d^ani  buucoup  plua  InMrtain. 

La  probllma  qut  paut  m  poMr  conorbtamant  ad  done  calui 
da  la  eallbration  dM  rMultata  an  fonalon  du  but  I 
attaindra.  UtlUda  dani  un  praaaiauH  da  adlaalon,  ill  aidant 
prlndpalaniani  4  dllmlnar  Im  aidatt  tt4a  auicaptlblM,  La 
quadlon  qul  h  poH  alert  aat  da  Mvoir  e4  plaaar  la  llmlta 
antra  Im  IndMdua  trii  auiaaptlblM  at  Im  IntarmddlalrM. 
L'aipifianaa  montra  qu'il  t'agit  la  d'una  tloha  (Mlleata. 

L'lUudratlon  da  m  propoi  paut  lUra  appal  aui  donnlM 
aequIiM  lora  d'un  proaatiui  da  adladlen  da  eandidati 
aoimonauiH  pour  Im  voIi  PraneoiJovIdlquM  (14).  La 
population  Inltlaia  da  eandidati  raianut  aptbt  un  pramlar  tri 
lur  doiilart  n  oonipotali  da  pUoiM  mtUiairM  at  cMli, 
d'inginiaun  at  da  idaniUlquM.  Lltlttogtamma  dM  woni 
da  luioaptlbilitl  obtanua  4  I'aida  d'una  varlanta  du 
quauionnalra  MSQ  donna  un  prelU  ralattvamant  habitual 
pour  01  typa  da  population  (flgura  1).  A  m  itada,  Im 
qualquM  iq|ati  pr^tant  dM  leorM  tr4a  4lav4a,  wpIKaurt 
4  50,ont4t441imlnM. 

Parml  Im  autrai,  aprha  patHga  dani  dUNrania  niirii,  80  ont 
tub!  Una  ^tauva  provoeatrlM  lur  fkutauil  teumanti 
uilliiani  Im  aMdMrationt  da  CorloUi  lalon  un  protocola  4 
daua  nlvMtu  da  vUitia  da  rotation  (W  at  IM  '/t)  hvae  un 
mouvamant  aetK  da  flitdon  du  buna  touiM  Im  S  laoondM. 
La  durda  mnimila  du  tait  Halt  da  8  mlnulH. 

A  I'litua  da  ealti  tpriuvi,  Im  eandldau  ont  414  eliudi  an 
troll  eatdforlM  ( r4iclMi4  flibla,  moddrda,  4liv4a)  lalon 
I'lniarultd  dM  qraptOnwi  obwivdt  an  nlvinl  I'dahalla  da 
Onybbd.  Loraqua  I'on  fUt  llilitagrunma  du  motm  MK) 
obtonua  lalon  m  troll  aatlgerlH  on  eoniiata  dilMranti 
potnti.  Dani  la  groupa  4  Wbla  rdaallvttl  (llgurt  U),  phii  da 
SOU  dM  aandtdati  ant  obtanui  un  Mtora  MSQ  comptli 
antra  0  at  8,  aum  n'a  da  wera  updrlaur  4  80.  Dani  la 


groupa  intatmadlalra,  la  pourcantaga  dM  acorH  antra  0  at  2 
dlmlnua  at  ait  proeha  da  30  44  (flgura  2b).  Lm  indlvldui 
daiaM  dani  om  daw  groupai  ont  toui  tarmind  I'dprauva 
Hiu  attaindra  la  crltdra  d'arrdt  qul  dtalt  la  nauida  idvdra  ou 
la  vomlMamant.  Dani  la  groupa  4  rdaeiMtd  forta,  on 
ratrouva  anaora  praiqua  IS  14  da  moim  trM  bu  (flgura  2e), 
M  qul  n'ait  pu  dtonnant  dtani  donnd  la  motKatlon  da 
eandidati,  malt  on  eonitata  auiil  qua  Im  qualquM  eandidati 
adfflii  aw  dptauvM  avae  dM  leorM  dlavM  h  trouvant  dani 
M  groupa.  Cm  qualquM  lehdfflH  montrant  maa  bian  Im 
UmitM  dM  quMtlonmlTM  dani  1h  proemui  da  idlaciton. 

Bn  ravaneha,  dani  I'dvaluatlon  da  la  wiaaptlblllid  vli  4  vti 
da  eirtilnM  iltuatloni  da  tarrain,  eonuna  la  ilmulaiaur  da 
vol,  Im  quaitlonnalrN  eonitltuant  una  mdthoda  trdi 
Intdrananta,  eomma  an  tdmolgnant  Im  rdwltati  obtanui 
patKanni<qr(8). 

Lm  dprauvH  provocatrlcM  an  laboritoira  na  lont  pu 
ddpouivuM  d'inaonvdnianti  dani  Im  idlaetioni.  11  taut 
dinlnguar  Id  daw  eai,  mIm  qua  I'objaetlf  raehatehd  aat  da 
prddtra  la  toldranM  dani  un  anvironnamant  proeha  da  li 
iltuation  da  liboraiotri,  ou  qu'una  prddleilon  plui  gdndrili 
Ml  taeharehda. 

Dani  la  pramlar  eai,  la  problhma  ait  ralitivamant  ilmpla  at 
la  dtffleuitd  mqlaura  eonilua  4  ujuitar  la  nlvaau  da  dlffiaulid 
dM  apreuvM  at  4  auayar  da  tanlr  oompta  dM  oipadt4i 
d'adaptitlon  dM  eandidati.  Call  la  eu  dani  Im  protoeolM 
Prine»Sovl4tlquH  o4  I'on  I'orTorea  da  prSdlra  la  eapadii 
dM  eandidati  4  andurar  I'antralnamani  vaitibulaira 
adrlmamant  pouiM  pr4eonli4  par  Im  SoviatIquM  avant  Im 
voli  ipitiiw.  SI  la  protoeala  da  Mlaetton  ad  trap  falbla,  an 
lentani  da  lolUeltar  Im  eapadiM  d'adapiailon  plutOt  qua  la 
r4iidinea,  on  paut  parfoli  obwivar  dM  4ehaM.  La  Kluilon 
qui  a  4t4  ruanua  Ion  da  la  damihra  i41aetion  arraotu4a 
^!R  02)  a  4t4  da  timar  d’4tibllr  la  tel4nnM  da  bau  d'un 
flibla  nombra  da  eandidati  pt4441oellenn4i,  puli  da  taiiar 
Im  Mpaeltda  d'habltuatlon  da  eaw  qul  wmblalant  Iw  plui 
Intaroiiinii  wr  la  plan  da  la  eandidaiura. 

L'4prauva,  toujoun  fbnd4a  lur  I'affat  da  la  eumululon  dM 
aec414ratloni  da  Corlolia,  a  4t4  eonfua  an  eonidquanM  .  La 
wilon  eompllti  da  dlmulatlon  vadtbulaJra  eomporta  8 
pallan  da  vilaua  da  rotation  (antra  30  at  240  */•)•  Pour 
ehaquu  paliar  Iw  hiu  heralra  at  intiiwralra  lom 
•ucauivamant  utlUiM.  La  dur4a  totala  da  tad  aat  da  24 
mlnuiM.  Lm  dimulatleni  provoMtiloH  lOfli  produltw  par 
dw  fflouvamanti  aeilfb  d'lnellnilion  da  la  t4ta  4  drolta  at  4 
Viueha,  wMi  d'una  fltadon  du  buda  an  avant.  La 
p4tiodieit4  dot  mouvamanti  ad  da  $  Moondw  at  la  mid 
rada  dani  la  podtion  oh  11  m  Itouva  antra  daw 
mouvamania  weMiiUh  (pu  da  raiour  an  pedUan  niuira). 
Cotta  4prauva  parmat  una  bonna  dleciimlnatlon  da  la 
iol4ranea  dM  itdau,  daii4i  aupitavant  lur  la  bau  d'una 
^rauva  iovl4ilqua  elaidqua  an  8  mlnutai,  an  tragant  tur  un 
dtagramma  4  daw  dlmindoni  la  podtion  dw  dllldranu 
dtjati  an  fbnetion  du  leora  da  inalataa  obaiivd  4  la  fln  da 
t'4prauva  aontra  I'lndiw  da  teUtatwa  eataulh  (flguM  S). 
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Dim  touM  Im  Ipiwivw  d»  illection,  I'lwtuilian  d»  U 
•4v4ri<4  tiu  milliii  provo<iu4  pir  ri6pra«ive  poM  un 
proWtmi.  L'luto-Miinitlon  do  li  mimIi,  qul  M  un 
4i4mmt  rcndwnmtal  dw  iMluifapiu  d’obMiviiioni  «t 
ratiUvcmam  peu  Aibll  ivn  dM  MjMi  nuMMi.  Citt 
pourquoi  U  Mt  ndcnuiri  d«  filn  indur  I’dpnuvi  pv  um 
Mtlon  votaiuin  du  nflM  lenqu'U  ittabii  la  ctltbn  da 
Muidi  iMta  pideddmt  la  vemlMmaflt,  ca  dmiar 
MmUnint  an  IhU  trta  leuvam  I'dprauvi .  Ca  typa  d'ipiauva 
MnMdanil  Man  dvidammant  d»  ruiOlaatlon  da  maaum 
phyaiologiquai  objacdm. 

Bn  (Bvandia  diM  towaa  lia  dtudaa  ob  la  coopitaUon  du 
M^al  iM  a«|uiaa  'a  pileri',  laa  dahallaa  d’auKuaiUmatloA 
donnaitt  gdndralamant  dai  rdaultau  laiMUiami  at  taur 
flablllld  aambia  Mulaniiat  Untitda  par  laa  varlatloni 
IntarindMduellaa  at  la  eapadtd  da  dlicriffllnar  antra  daa 
•auili  da  malaiia  ptodiat. 

La  problbma  da  I'dvaluatlon  ftadrala  da  la  uiaoiptlblllta  t 
pariir  d'lprauvaa  pravocatriGat  a«  baauonup  plan  complam. 
Ciat  la  CM  pour  la  piidloion  de  la  lUMaptlblUtd  au  mal  da 
I'a^Moa  nd  lai  aclmulitlon  da  laboratolra  dauiquai  randant 
trta  mal  eonipia  da  la  iltuatlon  particulilra  raacontrda  an 
mlerognvlid.  Raidika  (28)  a  ilnil  montrd  qua  lat 
oorrdlailoM  antra  la  auwaptlbilltd  dvahida  lu  moyan  da 
dltrdrantaa  dprauvaa  da  laboraiolta  at  la  turvanua  du 
qmdrama  au  ooun  du  vol  paraboUqua  an  microgravltd 
dtilaat  trda  (alblaa  Plua  rdcammant  (29),  la  mdma  autaur 
«ondut  d  la  ndoiiilid  d'utUlaar  dei  battarlai  da  taata  qui 
parmattant  d'obtanlr  daa  aeoraa  dompoaltaa  plui 
raprdaantatKi  da  la  auaaapilbUitd  au  mal  da  I'aapaea.  Cad 
Impliqua  In  mlM  an  oauvri  da  trduilquN  •tailatlquai 
dlabordai  at  I'utUliatlon  da  moddlai  prdtUctlTi. 

Pour  tarmlnar  eatta  aynthbaa  aur  I'dvaluatlon  at  la 
prddictlon  da  la  luieqKiblllid,  II  aat  Inttraaaant  da  ravanir 
aur  laa  rdaultata  atatiailquaa  obianua  par  Kannady  qul 
montra  qua  laa  maaurca  opdmlonnallaa  donnant  da  trta 
bona  rdaultau.  II  (aut  ranuirquar  id  qua,  pour  ea  qul 
coneama  la  mal  da  I’air,  I'Armda  da  I'Air  PranfaiK  utuim 
an  adlaction  inltiala  una  tachniqua  qul,  aana  dtra  totilamant 
rallonalilda  pour  ha  dndtoaaa,  aa  ripprocha  aaaaa  daa 
maauraa  opdrationnallaa.  L’Armda  da  I'Atr  diapoaa,  11  aat 
vrii,  d'un  potontlal  da  racrutamant  aaaaa  impoitunt,  qul  lul 
donna  una  caitnina  libartd  daM  ca  domalna.  La  tachniqua 
conalata  ilmplamant  I  faira  affactuar  aui  ditvaa  pilotaa  daa 
manoauvraa  uerobatiquaa  diM  laa  qulnia  pramltrea  houraa 
da  vol  a:  t  ne  lataulr  quo  oaua  qul  prdaantant  un  nivaau  da 
parformanca  aitialaiaant.  Cotta  adlaction  ilobnia,  ot  I'alTat 
daa  dndtuaaa  aat  iaiplidtamani  Indua,  aambia  donnar  daa 
idaultata  aaaaa  iitlilaiianta,  an  na  ratanant  qua  daa  aujata 
non4uacapUblaa  ou  cipabiaa  da  a’idiptar  trta  rapidamant  t 
I'aavironnamant  du  vol. 

8.CnWCIIl«QM 

11  aaiata  ua  ttia  lai|a  dvantail  da  tachniquaa  parmattant 
I'dvalaaiion  at  dvantuallamant  la  ptddioCloa  da  la 
auacaptlblllid  aui  dndloaat.  Cat  taehniquM  aont  pour  la 
plupM  ralatlvamant  compMmtiiulrat,  malt  aucuaa  na  paut 


prdtandra  convanlr  t  I'aniambla  daa  altuatlona  tancanttdat 
an  milieu  opdrallonilol. 

La  plupatt  daa  tutautt  I’accordant  k  conalddrar  qua  laa 
quaitlonnairaa  anamnottiquet  ot  lat  dprauvaa  provo^cat 
eomportant,  k  I’keura  tctualla,  laa  plot  grandat  potnmlalltdt 
pour  I’dvaluation.  Parml  laa  dprauvaa  provoeatiicet,  callat 
elTactudaa  aur  fkutaull  teumant  at  utilitant  I'affet  daa 
aocdldratlont  da  Cotlolla  torn  lat  plui  commundmant 
utillidaa. 

Dai'x  tandancat  tamblant  coaalitar  dani  lat  dtudat  an 
court,  n  t’agit,  d'una  part,  du  raooura  k  daa  battarlat  da  taat 
trta  cDfflptkiaa  at  k  daa  traitamanu  itatlatiquat  compltaaa 
dont  I’objactl/  aat  d'lboutlr  k  I'dlaboratlon  da  vdritablea 
fflodklaa  da  prddletton.  O’autra  part,  U  aaiata  una  tandanca 
qui  tanta  d'amdllorar  la  llabllltd  daa  etitbraa  d'dvaluation, 
an  raeharchant  tout  partlcuUkramant  la  mica  au  point 
tfindicaa  rapotant  aur  la  maaura  da  varlablat 
phytloingiquat  quantllillvat. 

11  faut  ramatquar  qua  cat  daux  tandancaa  tout 
compldmantairaa  at  davralant  parmattra  d’amlllotar 
coniidtcablamoni  la  prddictlon  daa  dndtotat  tatiattrat, 
mala  autil  calla  du  mal  da  I’a^ua  qul,  pour  I’lnatant,  poaa 
aneora  quelquat  problimaa, 


Ramardamantt:  L’autaur  touhalta  ramardar  Martina 
Kargualan  at  Pairldi  Sandor  pour  laur  aida  dana  la 
prdparation  da  ca  doaumant. 
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Hgan  1 :  Dlitribution  de  la  mceptl- 
bilitd  dvalu6e  au  moyen  du  MSQ 
(Motion  Sickneu  Questloniuuy)  dans 
une  population  dc  193  oandldats  eoi- 
monautei. 


flgura2 !  Distribution  del  scores  MSQ  * 
obtenus  par  lei  candidats  seldn  leur 
daisement  en  trois  groupei  de  lui''  ** 
ceptibilitd  (foible,  inoyenne, forte)  it  „ 
I’issue  d'une  dpreuve  provocatrlce. 
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figure  2a  i  Oroupe  I,  luiceptibiltd  falble.  o 
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figure  2b  I  Oroupe  II,  susceptiblitd 
moyenne. 
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figure  2c  i  Oroupe  III,  suiceptlbllitd 
forte. 
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inttodnatloB. 

Tha  oenoant  that,  eonflletlng  lanaery 
pattarn*  of  notion  eenatltuta  tha  itlRiulua 
that  In  tuaoaptlbU  aubjaata  glvoa  rlaa  to 
notion  alehnaaa  allowa  rational  naaauraa 
to  ba  ttkan  almtd  at  nlnlntaino  lanaory 
oonfliet  and  tharaby  ladueliig  tha  lnel> 
danea  of  aynpteni.  luoh  naaauraa  add  to 
tha  affaotlvanaaa  of  prophylaotle  druga 
and  nay  alena  ba  auffloiant  to  pravant 
notion  aloknaat  < 

It  la  wail  known  anong  aailera  and  aatre* 
nauta  that  oontlnuad  or  rapaatad  axpeaura 
to  an  initially  nauaaoaanle  notion  ttiau-> 
lua  laada  to  a  atata  of  ineraaaad  raalat* 
anoa  to  ita  atfaet.  thia  providaa  a 
apontanaeua  euro  for  aona  indivlduala  and 
foma  tha  baala  of  tharapoutio  prograimaa 
to  aaaiat  otharai 

Thia  papar  daala  with  tha  atratagiaa  that 
Indivllduala  ean  adept  to  minlniaa  thalr 
anpoaura  to  nauaaoyahle  atlmulli  aa  wall 
aa  with  adaptation  and  ita  applloatlon  to 
tha  traatmant  of  ehronie  airaioknaaa  In 
alreraw.  Alae  eonaidarad  ara  aona  of  tha 
nen-pharnaeologlaal  naaauraa  that  hava 
baan  uaad  in  tha  traatnant  of  motion 
aloknaat < 


To  thoaa  of  a  mora  advantureua  natura  a 
nation  atimulut  that  oraatta  aanaory 
oonfliet  ia  a  plaaaurablo  and  anolting 
anparlanea  -  initially  at  laaat.  Huoh  ol 
the  popularity  of  fairground  amuaamonta 
darivat  fren  the  pattarna  of  notion  aantt- 
tion  that  eannot  ba  aehiovod  by  podoatrian 
man>  and  tha  vorloua  ridot  provido  axan> 
plea  of  napy  typot  of  aanaory  oonfliet. 
The  fairoround  operator 'a  traatmant  for 
motion  aieknota  la  to  atop  the  rlda  bt> 
fora,  at  leaat  tor  tho  Majority  of  the 
pepulatlotWi  tho  ploaaura  givaa  way  to 
nautoa.  That  way  ho  maximitat  hit  pref- 
ltt«  whilt  tha  meat  autooptiblo  individu- 
alt  jjuidkly  Itarn  to  avoid  thoaa  ridoa  in 
whidh  onjoynpht  it  toe  rapidly  ongultod  by 
nlaorvi  With  tairprbund  anuaenanti  aveid- 
aneo  la  tha.  peat  roliablo  prOMylania.  in 

I  Meat 


whien  onjoyMaht  it  tee  rapidly  ongultod  by 
nlaorvi  With  fairground  anuaananti  aveid- 
anea  la  the  neat  roliablo  pre^ylania.  in 
avaryday  lilo,  howavar,  for  tha  «gat 
tuteapblbla  individuala  tho  total  aveid- 
anoa  of  eontlieting  aanaory  atlmuli  it 


nolthor  naoeaiary  nor  potaibla  without 
Impoalng  unaeeoptabla  eonatralnta  on 
travel  or  laitura  aetlvltiaa. 

At  hot  boon  doterlbad  In  a  pravloua  papor. 
aanaory  oonfliet  oan  ooeur  botwoon  vliuol 
and  voatlbular  tantort  of  motion,  botwoon 
tha  eanal  and  otolith  eemponanta  of  tha 
voatlbular  ayatam,  and  aa  a  oontagutnea  of 
lew  froguoney  oaeillatery  motion. 

vi«uni.vitibui«if  Bonfilet.  Tha  normal 


axpoetatlen  for  podoatrian  man  it  that  in 
tho  protonet  of  head  rotatlona  tha  pxtor- 
nal  vitual  world  will  twodp  away  in  the 
oppoalto  dlroetion}  that  la  it  will  appear 
to  remain  apaea  atablo.  it  ia  an  otton- 
tial  function  of  tho  voatlbular  ayatam  to 
gonarato  oomponaatery  oyo  mevomont  to  at 
to  atobiliao  tha  retinal  imago  of  a  apieo- 
atablo  vlaual  target  in  tho  protanoo  of 
motion  of  tho  head,  in  eortain  eireum- 
ataneoa  thia  reflex  la  Inopproeriata  and 
there  la  eoneequant  aanaory  oonfliet. 

The  navigator  who  la  map-reading  while  the 
airoraft  ia  manoeuvring  exparionoaa  angu¬ 
lar  motion  tented  by  tho  taml-elreulor  oe- 
nola,  but  beeeuaa  hit  field  of  view  la 
eenfinad  to  objoeta  within  tha  oookplt,  he 
laoka  any  vlaual  avldanee  of  rotation,  and 
any  voetibultr  Induced  eye  movamant  hea  to 
bo  aupproaaed  if  vlaual  dogradatlen  for 
the  teak  in  hand  la  to  be  avoided,  tlmi- 
larly,  tha  luaoeptlblo  Individual  aboard 
ahip  will  axparianee  leai  oonfliet  If  on 
doek  with  a  view  of  tha  herlaen.  or  avan 
tho  roatloaa  tea.  rather  than  tho  vlaual 
world  below  deokt  that  movaa  with  tha 
ahip. 

Car  aieknota  la  a  oemmen  problem  in  ohil- 
dron  whioh  they  are  aaid  to  'grew  out  of. 
In  foot,  phyaloal  growth  may  well  ba  on 
important  faeter.  A  email  ohild  eonfinod 
bo  tho  roar  teat  of  a  ear  aooa  little  of 
tho  outaido  world,  in  parbieulor,  the  road 
ahead,  that  would  provido  him  with  tha 
vlaual  aeoerd  when  tho  vohlela  eernora  or 
ehangoa  apoad.  hooding  in  a  ear  la  well 
known  to  praoipltato  motion  aieknaat  in 
autaoptibio  inaividuale.  In  thia  altuo- 
tlen  tho  datailad  toanning  oyo  novomanta 
eat«lod  with  tha  need  to  tupproat  voatibu- 
lor  Iitdopod  ayo  movemantt  may  ba  an  intan- 
alfyiag  taaker.  in  a  laboratory  ttudy  a 
vituol  tdak  that  roquirad  a  aubjoet  to 
eoaroh  lor  numbara  within  a  grid  whila 


. . 


«-2 


undinelng  low  troquonoy  (O.oa  Ho)  angular 
oaoUlitlon  in  yaw  wai  ahown  to  ba  nauaao- 
ganlo  (Ouadry  at  al.  1913),  wharaaa  tha 
taak  of  raading  dlgita  aaquantially  pra- 
aantad  at  tha  aama  location  undar  aimllar 
motion  oondieiona  did  not  prevoka  aymptoma 
(lanaon  I  Ouadry,  1971). 

canal-otolith  aonf Hat.  Tha  atata  of 
aanaery  aoeord  batwaan  aamleireular  eanala 
and  otelitha  eooura  whan  notion  of  tho 
hand  out  of  tha  horiaontal  plana  (ia  in 
pitch  or  roll  with  tha  haad  upright)  ia 
aeoompanlad  by  an  aqulvalant  angular 
obanga  in  tha  diraetion  of  tha  gravita¬ 
tional  aoealaratlon  aa  aanaad  by  tha  oto- 
lltha.  Thla  aanaory  linkaga  batwaan  otnal 
and  otolith  ia  aaally  brokan  in  a  eornar- 
ing  vahiela  whathar  tha  turn  la  flat,  aa 
in  a  oar  on  an  unoambarad  eornar,  or 
bankad  at  whan  eorntring  on  a  motoroyola 
or  flying  a  oe-ordlnatad  turn  in  an  air- 
oratt  (Fig  1). 


t  •  iMiiwi  rvu  «  niti  uiaHtiiw 
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Fifwn  1.  Tha  foreaa  noting  on  a 
eornaring  road  vahioia  and  an  tiraettt  in 
a  oo-ordinatad  turn,  rha  poaturai  raaponaa 
of  tha  ear  drivar  ia  to  loan  into  tha 
oornar  wharaaa  tha  paaaaagar  tanda  to  ba 
thrown  eutwarda. 


In  a  flat  turn  tha  otelitha  tanaa  tha 
raaultant  aoealaratlon  formed  by  tha 
addition  of  tha  gravity  vaetor  to  tha 
radial  aeoalaration  produoad  by  tha  eurvad 
path  of  tha  vahioia.  Thin  raaultant 
Inartial  ferea  ia  diraetad  downwardt  and 
outwarda,  but  ita  outward  awing  from  tha 
vartioal  aa  tha  vahiela  antara  tha  oornar 
ia  unaooompaniad  by  any  eorraaponding 
rotation  aignal  in  roll  from  tha  aamlelr- 
cular  oanala.  Thia  eonfliot  can  ba  mini- 
mlaad  by  a  raduotien  of  apaad  whan  oornar- 
Inoi  Tha  amplituda  of  tha  radial  aeealar- 
at ion  for  a  given  radiua  of  eurvatura  la 
proportional  to  tha  aquara  of  tha  vahiela 
forward  vploeity,  haneo  a  amall  raduetion 
in  valoeity  giva  a  diapreportienataly 
large  raduotien  in  radial  aeoalaration  and 
Donaaquant  aanaory  eonfliot. 

In  a  ee-ordinatad  turn  tha  airoraft  ia 
rollad  by  an  amount  whieh  maintaina  tha 
raaultant  vaetor  diraetad  at  right  anglaa 
to  tha  airoraft  floor.  Tha  aanaery  eon- 
fllet  engandarad  invelvaa  a  pareaptien  of 
roll  witnaut  any  ralatlva  ehanga  in  tho 
diraetion  of  aeealaratien  aanaad  by  tha 
otelitha.  Alrlina  pilata  minimiaa  tha 
eonfliot  by  limltlna  tha  rata  at  roll  to 
lavali  appveaehing  the  a  dag.a*^  thvaaheld 
of  pareaptien,  and  by  limiting  tha  angle 


of  bank  to  aodag  ae  that  there  la  only  a 
amall  inoraaaa,  to  i.iso.,  in  tha  intanal- 
ty  of  What  la  paroalvad  aa  gravity  by  tha 
paaaangara , 

low  fraquantty  jaiflillbtflry  maiiian.  m 
larger  ahlpa  auoh  aa  paaaangar  farrlaa  tha 
prlnelpal  oaolllatery  motlona  of  tha 
vaaaal  are  vartioal  tranalatlen,  and  pitch 
and  roll  retatiena  (Lawthar  a  driffin 
laai).  Tha  oanbra  of  roll  rotation  ii 
wall  balow  tha  water  line  and  tharafora 
givaa  riaa  to  lateral  tranalation  that  it 

Eraatoat  for  tha  upper  daeka.  of  greater 
mpertanea,  tha  pitoh  motion  of  tha  voa- 
aai,  whieh  eeeura  about  a  tranavaraa  axlt 
that  ia  roughly  mid-way  along  tha  length 
of  tha  ahip,  raaulta  in  a  eenaldarabla 
inoraaaa  in  vartioal  oaoillatory  metien  at 
tha  bow  and  atom  of  tha  vaaaal.  Tha  peak 
aeealaratien  amplitude  of  vartioal  motion 
whioh  for  medium  aiaad  vaaaala  ia  ganaral- 
ly  in  tha  fraquanoy  range  l.S-3.0Ht  oan 
vary  by  a  factor  of  10-30  along  tha  length 
of  a  loom  long  vaaaal  (Oriffin,  1990). 

To  minimiaa  tha  nauaaoganio  eonaaquaneaa 
of  thia  type  of  motion  one  at  tha  moat 
affaetiva  atratagiaa  a  auaeeptibla  paaaan- 
gar  oan  adopt  ia  te  atation  himaalf  at  tha 
peaitien  of  minimum  vartieal  aKouraian, 
ever  the  axla  of  piteh  motion  of  tha 
vaaaal.  if  tha  ahip  ia  rolling  haavily, 
aama  raduetion  in  tna  oenaaquant  horiaon- 
tal  eaeillatery  matlon  oan  ba  aehlavad  by 
being  an  aa  low  a  daek  aa  peaaibla,  eon- 
aiatant  with  tha  naad  for  a  elaar  view  of 
a  atabla  horiaen  in  order  te  avoid  viaual 
eanfliot. 


Tho  fraquanoy  of  tha  vartioal  eaeillatlon 
of  tha  vaaaal,  a  erltieal  taetar  in  the 
nauaaaganielty  of  thia  type  of  motion 
attimulua,  la  affaetad  by  tha  heading  of 
tho  beat  with  roapaet  te  tha  diraetion  of 
advanelng  wavaa.  Thia  la  particularly 
true  of  aaa-going  aaillng  boata.  Whan 
beating  te  windward  there  la  often  mora 
pounding  of  tha  beat  aa  it  maata  oaoh  wave 
and,  whlia  it  may  ba  uneemfortabla,  it  ia 
generally  lata  nauaaeganle  than  whan 
running  before  tha  wind.  In  thia  eendi- 
tiott  the  wave  fraquanoy  ia  raduoad  and 
there  ia  an  aeeampanylng  forward  aeoalara- 
tien  and  daoalaratlon  of  tha  beat  at  it  ia 
overtaken  by  aaeh  wave,  ror  larger  vaaaala 
under  power,  motion  oondltiona  may  bo  mere 
nauaaoganio  whan  heading  into  tha  oncoming 
wavaa  (hpplabaa  at  al.  1990). 

In  oara  fraquont  braking  and  aeoalaration 
ganaraba  what  ia  in  affaot  a  lew  fraquanoy 
horiaontal  oaoillatory  atlmulua  ana  thia 
oan  alao  ba  nauaaogonie  for  auaeeptibla 
vahioia  ocoupanta. 


vartioal  oaoillatory  metien  ia  aneountarad 
in  airoraft  whan  flying  in  turbuloneo  and 
may  load  te  alraloknata.  In  eemmarolal 
flying  thia  it  newadaya  Intraquant  ainoa 
paaaangar  airoraft  fly  at  altitudaa  wall 
above  the  turbulanea  of  the  waathar.  xt 
may  eeeur  it  tha  airoraft  aneountara  olaar 
air  turbulanea  at  altitude  or  atorm  cloud 
aetivity  an  tha  appreaeh  but  auoh  prob- 
lama  oan  often  ba  avoided  by  ra-reuting. 
by  oentraat.  In  military  flying  tho  varti¬ 
oal  eaeillatory  motion  indueod  by  turbu- 
lanea  ia  a  faatura  of  low-lovaf  flying 
which  oan  in  eartain  waathar  •onaitiena  ba 
vary  tavara. 


aha  iniluanet -nl  h«ad  wnuaiiianti . 

Nhtn  undtrgelna  rotation,  hotd  movamtnt 
in  any  plana  etnar  than  that  of  tha  rota¬ 
tion  will  induoa  a  orett-oouplad  vaatibu- 
lar  tignal  that  ia  potontiaily  ditorian- 
tating  and  alae  nautaoganio.  alroraw  ara 
initruetad  whan  manoauvring  in  aloud  to 
minimiaa  hoad  mevanaatt,  prlneipally  in 
tha  intaraata  of  avoiding  dlieriantatien. 
•ueh  adviea  to  air oraa  during  nanoauvraa 
in  olaar  vitual  eenditieni  ia  not  appro- 
priata  howavar,  baeauaa  ot  tha  naod  to 
maintain  good  look-out  whan  ehanglng 
hoadlng. 

In  abnemal  a  anvlronmanta  haad  movananta 
ara  alao  prevoeativa  of  notion  aioknaaa 
bgth  in  tha  tore  gravity  anvironmant  of 
apnea,  (Oman  at  al,  Itli),  in  parabolio 
flight  ((Laoknar  a  Oraybial,  ltl6), 
or  during  high  d  maneauvraa  in  font  jot 
aircraft,  Tha  alimination  of  unnaaaaaary 
haad  movomanta  in  thaao  eireumataneat  will 
tharaforo  ba  protaotiva  againat  motian 
aioknaaa. 


It  would  aaam  to  follow  that  haad  mova- 
manta  made  in  tha  altarnating  hypar-  and 
hypo-gravity  anvironmant  produaad  by  low 
ftoquanoy  vartioal  eaeiilatien  would  ba  an 
additional  factor  in  tha  provooation  of 
netian  alaknata,  Thin,  howavar,  haa  net 
boon  elaarly  attablithad,  A  atudy  of 
motion  aiaknaia  Induaad  by  vartioal  otoil- 
latery  motion  found  no  potantiating  offaet 
from  tha  addition  of  band  mavomanta  or 
whela  body  pitoh  and  roll  movonanta 
(NaOauloy  at  al,  117t),  initial  triala  in 
paratroopa  of  tha  uia  of  raatrainta  to 
minimiaa  head  mevamont  found  aignlfioant 
banpflt,  but  only  in  eenditlent  of  'normal 
turbulanaa*.  xn  oonditlona  daaaribad  at 
'rough'  or  'vielant'  no  tignifioant  dif- 
foraneoa  in  tho  inoidanea  of  airaioknaaa 
warn  found  (dehnaen  a  Kayna,  laai),  A 
aimilar  ttudy  (Koltt  at  al,  Itif)  failad 
to  ahaw  any  banafit  from  haad  raatraint, 
wharaat  hyeieino  0<fBmg  taken  1  hour 
bafora  flight  raduead  tha  ineidonoo  of 
vomiting  from  Jit  to  7. at. 


peatural  regulatory  aetlvlty  in  order  to 
maintain  it,  A  ttudy  to  oompara  tha 
nauaaoganie  affaot  ol  O.lHi  tinuaoidal 
oaolllation  at  1  2,ama''  applied  vartloal- 
ly  to  aaatad  aubjaatt  and  herltontally  to 
tuplna  aubjaett  (Ooldlng  a  Kargualon 
ItfO),  Tha  finding  that  otelllatlen  in  tha 
horlaontal  plana  with  tha  tubjaot  tuplna 
wat  laat  prevooativa  than  vartioal  oioll- 
latlen  la  in  ktaping  with  thit  propotad 
eolationthip  to  body  poatura,  Howavar,  tho 
flndingt  oeuld  alto  ba  related  to  tha 
ohangad  nature  of  tha  tantory  eonfllat 
batwoan  the  two  oenditlone. 


iffaafe  n«  halno  In  aantral  of  tha  vahiala. 

It  ia  wall  known  that  the  driver  of  a  oar 
or  oeaah  it  tparad  tha  motion  alaknata 
that  may,  at  a  oenaaqumnoa  of  hit  anargat- 
lo  driving,  affliat  hit  ptaiangtra, 
■avaral  faetori  may  oontributa  to  tha 
ralativa  immunity  of  tho  driver,  but 
probably  tha  moat  important  it  hit 
ability  to  antieipatt  tha  affaott  of  hit 
aetiona  in  aeealaratlng,  braking  and 
eornarlng,  Xn  oontaquenoa,  tha  drivac 
will  lean  late  tha  eornar  while  hie  paa- 
tangar  ttndt  to  be  thrown  outwarda,  and 
likawlea,  the  driver  will  brtaa  himialf  in 
praparatlon  for  braking  wharaat  hit 
paaaangar  it  initially  thrown  forwardt. 
M  abrupt  bhanga  in  tho  ferea  anvironmant 
ganaratot  propriaeaptiva  aignalt  that  ara 
auddanly  at  varianot  with  theia  awpaatad 
at  a  oonaaquanoa  of  tha  twitting  poatural 
regulatory  afferent  activity,  it  may  be 
that  thin  eonatltutaa  a  neural  miamatoh 
tignal  that  aentributoa  to  ether  dlaoerd- 
ant  motion  tignalt  in  tha  preveoatien  of 
motion  aieknoat, 

A  aimilar  banafit  from  being  in  oontral  it 
anjeyad  by  the  pilot  of  an  airoraft  at 
eempartd  with  hit  navigator,  though  thin 
may  ba  laat  avldont  in  aarly  training 
while  ha  it  etill  bteemlng  eoauttomad  to 
the  tantory  eentaqutneai  of  hit  oentrel 
aetlent,  blkewitt  ttatiek  araw  mtmbtrt  on 
tailing  boati  may  doriva  tomt  benefit  from 
taking  tha  helm, 


Thi-iamuuigi  at  ihady.iBBitugg> 

favaral  axporimontal  ttudlat  have  invaiti- 
gated  tha  affaot  of  body  erlantatien  in 
rtlation  to  tha  dirootion  of  low  frequonoy 
oaeillatery  motion, 

A  ttudy  in  airoraft  undergoing  rollar- 
eeaatar  typo  maneauvrtt  thawad  that  tub- 
jaatt  tltting  upright  wore  laat  likely  to 
baeema  motion  tiak  than  tubjaott  eitting 
with  the  head  and  trunk  fltxad  forward  to 
tha  horiiontal  (van  baumgartaa  at  al, 
itao),  A  aimilar  ttudy.  which  utad  alter¬ 
nating  pariodi  of  weak  aooalaration  at 
O.lSg  and  foraeful  braking  at  about  O.lg 
in  an  ombulanat  ear,  found  that  tubjaott 
wara  Itit  tolerant  of  thit  ttlmului  if 
tltting  up  rather  than  lying  down,  Thata 
ttudlat  would  luggott  that  oiaillatery 
motion  it  mart  nautaegenle  whan  applied 
through  tha  X  (dorte-vantral)  axit  ox  tha 
body  than  through  the  I  (oranio-eaudai) 
exit  (Vogtl  at  al  1*11).  Howavar,  in  tha 
traatmont  of  itaeieknata  it  it  wall  known 
that  taatlak  marlnara  art  batter  if  made 
to  Ut  down.  It  it  pettlbla  thtralora  that 
an  tolllatory  ttimulua  it  bait  tolaratad 
in  a  pottura  which  raquiret  a  minimum  of 


A  ttudy  to  invaitlgata  tha  tffaet  of  tha 
tubjaot  having  oontral  ever  tha  initiation 
of  a  eroaa-oouplad  ttimului  (naaton  a 
banaen,  1971)  utad  throa  ttimulua  oondi- 
tioua.  fubjoeta  ware  rotatad  at  Inoramant- 
Ing  valooititi  on  a  turntable  and  tlltod 
in  roll  by  48  dtg  aithtr  pattivaiy  by 
mtant  of  a  maohanieel  eetuater  undar 
operator  oontral,  or  aotlvaly  uting  their 
own  muteular  atlort,  or  in  an 
aotiva/patiivo  aondltlen  in  whloh  tha 
tubjaot  initiated  tha  aotuater-drivan 
ahair  tilt.  Attaiamant  of  motion  lioknatt 
tymptomt  indloattd  tha  pattivaiy  rotated 
group  to  ba  the  moat  af footed,  and  tho 
aotlva  group  laatt  to. 


A  further  banafit  of  bolng  la  oontrol  may 
derive  from  tha  mental  dittraetion  that  it 
providat,  Thara  ia  exparimaatal  avidanoa 
to  tuggatt  that  metiea  tieknata  tymptema 
ara  raduood  by  mental  aativity  that  da- 
oraaaat  tha  lubjoet't  awaraaota  el  tha 
pravoeativo  motian >  Xn  a  ttudy  of  voatibu- 
lar  reapanaaa  to  whale  body  ratatioh  about 
an  aartb-horiaental  aait  (Corraia  a  Ottadry 
111*) ,  *  high  inaidoneo  of  motlen  aiehaaia 
waa  rapartad.  01  the  11  tubjaata  who 
failad  to  eoaplota  tha  taat  proeadurt  an 


thl(  «o«»unt,  all  war*  in  th*  aub-greup 
who  had  baan  aikad  to  raport  aeourataly 
thalr  aoBoatlon*  et  nebloni  wharaaa  all 
aubjaet*  who  war*  aialgnad  a  kay  praaa  or 
a  mantal  arlohnatie  taak  war*  abl*  be 
oenplab*  th*  t*tt> 


In  addition  to  babavieural  noaauraa,  a 
(urthar  important  daeter  in  radueino 
motion  aieknat*  lUioapblbility  la  that  of 
adaptation •  in  thla  eontaxt  adaptation 
radar*  to  th*  Iner****  in  tolarane*  to  a 
nauaaeganie  rtimulua  that  ooourt  avt<i*  a 
period  of  aavaral  day*  or  avan  wank*  od 
rapaatad  axpoturai  tm  naurophyaielagiat 
would  uia  th*  term  habituation  dor  thi* 
phaaonaaen,  and  would  raaarva  th*  tarm 
adaptation  to  radar  to  ohangaa  in  th* 
nagnltud*  od  th*  raapena*  during  tha 
ooura*  od  th*  applleatien  od  th*  atlnulu*. 
loth  typa*  od  adaptiv*  raapona*  oan  b* 
aaan  with  motion  aioknaa*.  Ixpoaad  to  an 
appropriat*  laval  od  atlmulua  over  aay  10 
minuta*  an  individual  nay  ihow  an  initial 
loan  od  wall'baing  dollewad  by  partial  or 
oomplata  raoevary  Indleatlva  gd  a  ahart 
tarn  adaptation  within  th*  pariod  od  th* 
that  (Pig  1), 


Tima  (min) 


Pigura  a.  Short  tara  silaptivo  raaponaa 
to  a  min  arpoaur*  to  a  oonatant 
intaMity  lev  droguaney  vartioal 
oaeiliatien.  rho  onaat  and  aossttion  ol 
dorahaad  awaatlng  rmtloets  th*  ohangaa  in 
aubjaetlwa  wmll-Boing. 


Inatruotora  may  hava  to  raaiit  tha  tampta- 
tlon  to  ahow  odd  to  tho  atudant  th*  dull 
eaptbilitlaa  ad  tha  alroradt  at  thli  ttag* 
in  training,  gelaranea  build*  up  with 
oontinuad  dlylng  but  alraleknaat  may  raour 
with  th*  Intreduetlen  ef  naw  manoauvrai 
auah  a*  attap  turn*«  tpinning  and  larabat- 
ie*  (ruoktr  at  al|  HOB). In  apie*  diight 
tha  malaiat  and  nauaat  that  may  initial.)  y 
ba  provokad  by  h*ad  mavananta  in  th*  aaro 

fravity  anvirennant  gradually  dinlniahaif 
yploaily  avar.  a  pariod  ad  a  to  4  day* • 

ilmliarly  in  labaratery  *xp*rlm*nt*(  tha 
waarins  ad  lm*g*>lnv*rting  apoetaelaa 
initially  provehaa  aavar*  viiual  diierlan> 
tatlon  andf  with  oontinuad  adderti  to 
oarry  out  normal  aotlvlttaa)  aymptoma  od 
ntlalao  and  nauaa*.  hftar  wtaring  apoeta* 
olaa  oentinueuily  evar  aavaral  day*< 
nauaoa  ia  laai  ratdlly  prevokad  and  loee> 
motor  aetivitia*  baoom*  nor*  normal 
(Hlkoalian  *  Maid,  ie(i)>  bikawlaa. 
axparimaneal  aubjaet*  who  apant  aavaral 
day*  living  in  a  ream  that  retattd  about  a 
vartioal  axia  at  10  rpm  ahowad  adaptation 
to  both  th*  nauramuiflular  and  nauaaeganie 
oontaquanoti  od  thla  anvirenmant  (Orayblal 
at  il.  ItBI). 

A  dittinotiott  oan  b*  mad*  batwaan  thaa* 
anvironmonta  that  predue*  a  aonaiatantly 
raerganlaad  ralatienahip  batwaan  th* 
variaua  aanaory  output*  ad  metlan  auah  a* 
tha  niaregrivlty  anvirenmant  ad  apaeoi  th* 
oontinuad  wearing  ad  image  ravaraing 
apaetaelo*,  and  to  a  Xaiaar  dagra*  th* 
metlon  anvirenmant  ed  a  ihip>  tnd  theta 
anvironnanti  to  whieh  oxaeaur*  i*  triad 
and  intarmlttanti  auah  a*  diight  inveivlng 
aarebatieoi 

In  tha  dermar  group  ed  anvirenmant*  it  ii 
hypethoiiaad  that  now  aanaory  int*r>r*ia> 
tlenahlpa  tr*  aitabllahad  that  to  lomi 
axtaat  roplao*  or  ovarii*  thei*  that 
pravloutly  axiatad.  A*  a  aeniaguanea  th* 
rotum  to  th*  namal  torraatrial  environ- 
mane  ia  aaseeiatad  with  a  tomperary  dagraa 
od  mai-adaptatien  and  avan  mild  metien 
aioknaa*  aymptoma *  tarmad  m*l  da 
ddbarguamont. 

Adaptation  to  aarebatls  diight  may  b* 
gualltlvoly  dlddarant  and  involv*  an 
oxtonalon  or  th*  rapovtolra  od  pattern*  od 
aanaory  input  that  th*  brain  aoeapt*  a* 
lagltimat*. 


Raiaarohari  have  attamptad  to  ua*  ethar 
moaiurat  of  adaptation  aueh  ti  the  rata  ed 
dlaappoarano*  ef  illuaery  aanaatlon* 
produoad  by  rapaatad  head  movamont*  In  a 
rotating  onvlronmant  (haaton  llll).  it  it 
net  however  elttrly  oitataiiahod  thtt  aunh 
tait*  od  parooptuai  adaptation  ar*  pradio- 
tlv*  ed  tn*  rata  od  inorota*  in  tolarane* 
to  ntuaaaganle  motion. 

Tha  phonewanan  ed  adaptation  la  wall  known 
among  mtrinar*  In  when  aaaalaknaaa  aymp- 
tom*  abatt  during  th*  dirat  law  day*  at 
■a*  aaeomptnlad  by  tn  imprevanant  In 
ledoMoter  ee-erdinttien  aboard  ahip>  t 
phdMomphen  eelleguially  known  at  'getting 
end'*  at*  lag*'.  Adaptation  i*  alee  a 
laatur*  at  airaraw  training.  The  danil- 
iaritatian  aertia  may  giv*  ria*  te  airaraw 
liaknaai  in  ill  ed  alroraw  and  flying 


Th*  ua*  ed  adaptation  at  a  thorapautle 
preeadur*  i*  meat  appropriate  te  thoa* 
aituationa  in  whlehi  leUewlng  traatmant^ 
tbar*  i*  auddieiane  eontinuity  ed  axpaiur* 
te  th*  atlmulua  te  maiatain  th*  ttita  of 
adaptation  ana  tlie  in  whlqh  th*  teenemie 
or  paraanal  oonaaquaneat  of  oontinuad 
motion  ileknoaa  mak*  a  tima-eoniumlng 
troatnant  pregramna  worthwhile.  Though 
apaeadllaht  flea  thaa*  oritarit  it  it 
impeaalblo  a*  ytt  te  pradiet  who  will 
Bttifar  apteaaieknaaa  and  uneartaln  ai  to 
wbathar  telarane*  aegulrad  te  any  earth- 
bound  atimuiu*  would  trtaadar  to  th* 
mierogrovlty  anvirouxant  in  apaa*.  It  it 
parhapa  in  eh*  traatmant  ad  atraioluiaai  in 
military  airaraw  that  adaptatien  traat- 
moRt  had  proved  to  bo  of  mete  value. 

In  lilt  Dowd  daaaribtd  thd  lueeaaifui 


return  to  flying  of  tn  elriiok  pilot  who 
over  e  1  weeK  period  received  twice  deily 
eeicione  of  eroee-ooupled  •timuletien. 


freitment  progremnei  tor  eirciekneii  in 
etudent  piloti  were  eterted  in  IttS  both 
in  the  RAr  by  Debie  end  in  the  UlAf  by 
Dovdi  Creii'oeupled  Ibinulation  wta  uedd 
ee  a  neani  to  provoke  aynptema  of  motion 
aiekheae  and  eubjeeta  inekeaeed  their 
teleranee  to  this  itimulut  by  ineremantal 
eiipeauroa.  Unlike  tha  Ul  pregraMaa,  that 
in  tha  RAP  involved  from  the  outlet  a 
period  of  romadial  flying  bafore  the 
Individual  waa  returned  to  training* 
Review  of  the  firat  four  yeara  of  tha  Of 
programme  ihewad  that  of  71  airoraw  traat- 
adi  tit  had  eentinuad  in  training  ter  tha 
1  month  follow  up  period.  Tha  oemparable 
auociaai  rata  in  the  firat  10  oaiaa  treated 
in  tha  RAT  pregramma  waa  1st  (Dobia, 
1174) I  and  it  hki  eentinuad  to  be  at  or 
above  thia  level.  It  ii  tharatere  tampt- 
ing  to  aaerlbe  thii  differenee  to  the 
incluaion  of  remedial  flying. 

Tha  RAF  airiieknaii  deianaieiiatien  pro* 
gramma  at  ita  preiant  atate  of  evolution 
eenaiita  of  a  4  day  aaaeaament  phaaa,  a  4 
walk  ground  phaie  and  a  1  weak  flying 
phaae.  (in  praetiee,  owing  to  the  va> 
garlea  of  weather,  aireraft  larvieiability 
and  airoraw  illnaaa,  only  the  aaaeaament 
phaea  ia  of  a  fined  length) . 


Tha  aiiaiamant  eoniiiti  of  a  madieal 
intarviaw,  veitikular  funetion  teata  (peat 
rotational  and  ainuaeidally  induoad  nyi- 
tagmui  and  poiitienal  teat),  piyohomatrio 
taata  (lyaanek  larienality  Inventory  and 
Catell  it  ferienality  raateri  taata)  and 
eiaoaiment  of  initial  toloranoe  to  the 

!round*phaio  itimuli  (ereaa*eeupled  atimu* 
atien  and  lew  freguaney  (O.llHi)  vartieal 
oieillation).  During  tna  ground  phaaa  of 
traatmont  aubjaeti  undarge  twiee  daily 
aaaaiona  of  either  oreai>anuplod  or  low 
frequenoy  vertical  eaelllatlon  etimuli 
<uaually  the  aama  itimulua  in  any  given 
waak)  but  with  an  overall  biei  towardi 
eroii-oeuplad  aeaiioni. 


During  ereaa-oeuplad  atimulatien  tha 
aubjeot  aita  in  an  eneleiad  tab  on  a 
turntable  end  makei  head  movament  aa- 
quenoai  to  and  from  each  quadrant  in  pitch 
or  roll  in  random  ordar  over  a  30  a  peri¬ 
od.  During  the  earlier  part  of  tha  oouraa 
tha  rotational  valooity  of  the  ohair  ia 
Inoromanted  from  aero  by  1,3,  or  I  dag, a** 
after  every  need  moyemant  aaquenoe.  The 
rate  of  inorament  ia  determined  on  tha 
baiie  of  initial  auaoeptibility,  the  more 
■uieaptibla  lubjaeti  being  iiaignad  lower 
ratal  of  inorament  and  thua  relatively 
longer  loialon  duration.  Later  aaaaiona 
era  atartad  at  higher  rotational  vaiooi- 
tiaa.  ivery  30i  the  aublaet  reperti  hia 
well  being  on  a  l  to  s  leela;  the  aoaaion 
ia  atopped  aa  aeon  ai  a  rating  of  4 
(medarate  nauiea)  ia  raaohed.  Reaearoh  ia 
eurrantly  in  pragraii  to  atudy  tha  affaot 
on  edaptltive  rata  of  atepplng  tha  aaiaien 
at  level  3  (mild  aalaiea). 


•aieiena  of  low  freguonoy  vortleal  eieil- 
lation  are  oarriod  out  on  a  3n  atroke 
platform  eaeilleting  at  0.38lii.  Mauaaege- 
nioity  of  thia  atimulua  ia  intanaitifiad 
by  AH  analoa)i»o  that  praaludaa  n  view  of 
la  attbla  vlaual  world  ahd  by  making  tha 


% 


ittbjaet  carry  out  a  vliual  aaaroli  talk, Tha 
laverlty  of  the  itimulua  la  alio  datar- 
ffiinad  by  the  peak  aoealaratlen  lavai,  ^a 
aama  lavai  ii  uiad  throughout  oaeh  aoaaion 
and  la  aat  to  a  lavai,  baaad  on  aurvival 
time  In  pravloUB  aaaaloni,  that  tha  lub- 
jaob  would  bo  oxpoptod  to  tolorato  for  30- 
10  mitttttoa , 


Under  thia  traatmant  ragima  moat  lubjaota 
ahow  adaptation  aa  avidanead  by  an  ability 
to  telarata  inaraaiad  atimulua  Intanaltlai 
or  by  lehgar  aurvival  timaa.  Aiie  in  tha 
oeuria  of  adaptation  aubjaoba  find  that 
following  a  traatmont  loioien,  thoir 
roGOVory  time  from  the  oama  lovoi  of 
maielaa  boeomoa  ihortar.  ly  tha  and  of 
the  ground  phaio  tho  OKpeotaeien  ia  that 
the  majerlty  Of  lubjeota  will  telarata  fo¬ 
ld  haad  movament  aequenoea  whlla  rotating 
at  00  dag.a**^  and  will  aurviva  tot  30 
mlnubaa,  vartieal  oioillatien  at  O.lBHi 
as.imi**^.  Whlla  aema  aneaad  thia  erita- 
rio!:i,  ethara  ahow  a  vary  poor  oapaeity  to 
adapt  (Fig  1),  Thia  fallura  to  adapt 
aaomi  to  bo  mere  eommon  among  airerow 
rafarred  from  maritlma  raeonnaiiianea 
aireraft  in  which .  eomparod  with  aorebatie 
flat  ]ata,  tha  atimulua  iaval  ia  ralabiva- 
ly  lew  taut  eentinuoa  ter  a-i  heura. 
Airoraw  who  eentinua  to  hava  motion  liek- 
naao  preblama  on  thia  typa  of  aireraft  ara 

rrebaoiy  failing  to  adapt,  not  juit  ba- 
waen  aueaaaaiva  aortlaa,  but  alio  within 
t:'o  duration  of  oaeh  oortio. 


Figruro  s.  Long  tern  adaptive  roapoMoa  in 
twe  individuala  oapeaad  to  twiea  daily 
•emaiena  of  inetomntinf  lavaia  of  eroaa- 
eeuplad  atimulatien. 


Following  tho  ground  pheie,  pileta  and 
nevlgateri  fly  e  II  hour  oeureo  under  tha 
aupervlolen  of  e  dedleeted  pilot.  Tha 
flying  ii  gradad  In  tha  introduetien  of 
preveoetivo  meneouvroa  aeeordlng  to  tho 
aubjoet'i  woll-boing  during  the  lertla. 
tn  Ita  aarly  atagai  tha  oourie  la  almilar 
for  both  pileta  and  navlgatora  and  both 
greupf  are  aneeueagad  to  take  oontiul  of 
the  airorift.  tn  tna  latar  atagaa  pileta 
loern  ta>  telarata  inereeeingly  vlgereut 
eomobetle  aequenoea  whlla  navlgatora 
untfortaka  the  navigation  of  lew  level 
ro^|ea  eud  target  runa  (lagihaw  a  itott. 


at,  taumtiBn  I 

inplleit  in  th«  ui«  of  oreund-botod  eroM- 
eeuplod  itlnulation  li  tho  oitomptlen 
thoi  toloroneo  oequlrod  to  thli  otlmului 
trill  tronifor  to  tno  motion  onvlronnont  of 
tho  olrertfti  Vhli  propoiltlon  htt  not 
feeiMlly  boon  tootod.  Muoh  of  tho  otporl- 
montol  work  on  oddptotlon  (rovlotrod  In 
Porkor  t  torkor  itlOr  Itott  lifO)  tondt 
to  indieoto  thot  thO  phort  torn  idoptotlon 
that  eeuuri  evot  ninutoi  or  hour*  li 
highly  opoolflo  to  tho  Initiating  ttimu- 
luOf  but  that  a  aomowhat  moro  gonoralltod 
adaptation  la  ovidant  ovar  a  parlod  of 
dayoi  leiM  dogroo  of  oocroipondonoo  oan  bo 
dlieornod  botwadh  tho  laboratory  atimuli 
and  tho  aireraft  notion  onvlronnont  •  Utr 
froquanoy  vartloal  oaeiiiatlon  it  ono 
nauaooganle  eomponant  of  flying  in  turbu- 
lonea.  llfflilarlyi  eroit-eouplod  atimuli 
oan  roault  from  a  pilot  making  hoad  movo- 
monta  trhan  tho  alroraft  it  in  a  auttainad 
turn.  Thia  it  partleularly  to  In  tho  high 
ratoa  of  turn  that  oan  bo  aohiavad  by 
aorobatic  light  alroraft  or  by  glidara 
flying  in  tharmala.  Mewovor,  tno  oroaa- 
eouplad  atlnului  la  loot  tovaro  if  tho 
turn  ia  net  luitainod  or  If,  at  in  high 
tpaad  flight,  tho  rata  of  turn  it  low. 

High  porformanoa  alroraft  manoauvrot  eftan 
Involva  high  a,  and  hoad  movamonta  in  thia 
anvlrenmont  oan  alto  ba  both  dlaoriontat- 
Ing  and  nauaaeganie.  It  la  unelaar  whoth- 
or  Uoloranoa  aoquirad  to  a  laboratory 
erott-eouplod  atimulua  tranafora  to  tho 
high  0  anvironmont.  itill  loot  likaly  it 
it  that  eroifoouplod  toloraneo  oan  givo 
protaotien  againat  tho  low  froquoney 
vartloal  oaelllatery  atimulua  typleal  of 
flight  in  lew  lavol  turbulonea.  Laboratory 
atudloi  on  tho  tranafor  of  adaptation 
found  no  inoroato  in  eroaa>eeuplod  tolor* 
anea  ao  a  eonaaquanea  of  an  ineraaitd 
tolaranoa  to  low  frtquanoy  vartloal  oaeil- 
latlen  aequlrod  by  ropaatad  aupoturt  to 
thia  atimulua  for  3h/day  ovar  IS  daya 
(Potvin  at  al,  1977), 


ragtoti  ittLLuonaing  tho  rota  at  adaBtaa 

tinn. 

Tha  rata  of  adaptation  varloa  widely 
batwaan  Individ', ',alt  both  in  adaptation  to 
naval  motion  invironmonto  and  to  iaborato- 
ry  motion  atimuli,  Aibhough  a  period  of 
S  to  4  dayv  ia  often  quetao  for  adaptation 
to  tho  ipaeo  motion  onvironirant,  oemo 
aitrenauta  have  axparianead  apaou  aieknaaa 
for  longer  parieda,  in  a  roviaw  of  apace 
motion  aloknoaa  in  Kutiiat  miaalona  one 
floomonaut  tuffnrad  apaoa  aiokntas  through* 
out  '.no  IB  dayt  of  tha  mioiien  (Hatinov  tt 
.71,  iStS).  Thw  poriiatonea  of  oea  tiek- 
naaw  aymptema  during  n  veyaga  In  lota 
eloarly  avidoneo  of  tiow  adaptation  tinea, 
on  aooeunt  of  tho  variability  of  tho  tea 
itata,  pariodi  of  ealn  eould  load  to  tho 
loaa  of  provieualy  gainid  adaptation. 

Oraybiol  and  taeknar  (ISIS)  eomparad  tho 
adaptive  rntoo  of  14  indivldnala  to  throe 
difftront  nauuoeganio  itlmuli  and  found 
that  guaiitativc  aitimatat  of  adaptive 
rato  lor  aaeh  atlmulus  wara  almllar  within 
•ubjaota,  A  atudy  of  bha  adaptlva  ra- 
aponao  to  ropaatad  aroaa-eouplad  and  to 
low  froquoney  vartloal  eaclllatlen  atimuli 


In  aircraw  rofarrad  for  traatmant  of 
alriioknaoa  failed  to  ohow  a  oorrolatlon 
botwoan  tho  ratoa  of  adoptatlen  to  the  two 
atimuli  (Itott,  1990). 

Although  the  adaptive  rata  may  ba  an 
Individual  eharaotariatie  it  nay  ba  peatl- 
bla  to  influtnoo  tha  rutt  of  adaptation  In 
tho  laboratory  by  tho  appreprlatq  eheleo 
of  eondltloni.  for  oKompia,  It  it  likely 
that  if  aaeh  trootmont  laaaion  ropoatodly 
provekoa  vomiting  thia  will  ba  eeuntar- 

froduotlvo  to  the  preeoai  of  adaptation, 
ovoral  axporimonto  to  atudy  tha  affoet  of 
difforant  atimulua  prefilaa  in  adaption 
wore  eenduotod  in  tho  tonaaoela  Ilow 
notation  Koom  (Oraybiol  at  al,  19tl, 
1919).  lubjaDta  apant  up  to  II  dayi  eon'* 
tlttuottily  In  thia  rotating  onvironmant. 
Tha  raapenaai  of  aubjaeta  who  began  rota¬ 
tion  at  10  rpm  from  tha  outaat  vat  oom- 

?arad  with  vtrieua  ineramantal  appreaehaa 
0  tha  final  valeoity.  ualng  a  preteeol 
of  nina  ineramanta  over  a  pariod  of  16 
daya  adaptation  wat  aohiavad  in  four 
■ubjooto  without  motion  ti.oknota  aymptomo 
othor  than  axuataivo  drewainott.  ly 
dontraat  four  aubjaeta  oKpoaod  to  tho 
abrupt  oniot  of  10  rpm  okporionead  nauaaa, 
two  of  whom  vemitad,  ona  rapaatadly,  and 
it  wat  judgad  that  nena  had  fully  adaptad 
by  tha  and  of  a  la  day  pariod. 

In  thoio  eondltiona  in  vrtiieh  motion  oiek- 
not!  is  prevokod  by  movamant  .l.n  an  atypi¬ 
cal  anvironmont,  for  oxampia,  wearing 
imago  invarting  ipoetaeloi,  in  mieregravi- 
ty,  or  in  tha  alow  rotation  room,  aetivo 
movamonta  by  tha  lubjaet  art  likaly  to  ba 
moro  offtetivt  In  promoting  odaptotlen 
than  whan  tha  aubjaet  ii  paaiiva  and  mevad 
by  oxtornal  moani.  it  ii  peitulatad  that 
voluntary  movomint  ganorataa  proprieoptiva 
and  taotlla  tontery  aignala  that  faad  haek 
to  the  brain  (roaffaroneo)  and  art  aom- 
parod  with  what  ia  tormad  an  affaranoa 
copy  -  an  txpaetad  atntery  pattarn  baaed 
on  the  initial  affaront  meter  aetlvity 
(Von  Helot  1994),  railuro  of  the  roaffar- 
ont  oignal  to  mateh  tha  affaranoa  eopy 
latdt  to  illutery  tennttlena  and  eorrao- 
tiva  motor  aetivlty  and,  if  a  eentiotont 
now  aanaory  pattern  poraiata,,to  an  adap¬ 
tive  ratpenaa. 

Anti-motion  aiekneat  druga  hava  baan  uaad 
in  ataeeiatj'an  with  tapatit-va  nautaoganie 
atimuli  In  tho  oxpaobatlen  that  they  will 
faailltato  tha  adaptiva  proooaa,  In  a 
atudy  to  boat  thlt  potmlbllity  (Need  at 
al.  I9tf)  It  wat  found  tiiah  hyoteino  O.lmg 
with  ampnotnmino  lOmg  or  hyoteino  1.0  mg 
alone  produeod  a  moro  rapid  rate  of  In- 
oraaao  of  toloranoa  oomparod  with  plaooan 
e'.'tr  bha  1  daya  on  wni  .h  tha  drug  was 
taken.  Nowovar,  whan  tha  tubW  eta  wara 
tcatad  1  day  afttr  itepping  ma'Jioatien, 
toloranoa  had  daoroatf'd  t(»trda  pra-traat- 
mont  lovola  and  waa  algnltioantly  la»t 
than  tha  lavol  of  tolaraneo  oequirod  by 
aubjoeta  on  plaeobe.  Thia  abrupt  tail  in 
toloranoa  wai  atoribad  to  ■  pharmaeolegi- 
eal  rebound  offeut,  but  an  equally  valid 
ooneluaien  it  that  aoopelamina  hindari  tha 
proeooo  of  adaptation,  It  may  ba  of 
ralovanea  that  nyoaeina  has  baon  shewn  to 
inhibit  vorbal  loarnlng  proeait  (Crew. 
197#),  There  is  oemo  niuropbyiUlegioal 
avidottoo  to  euggoat  that  adaptation  to 
eonllldting  twtlon  atimuli  involvaa  what 
eould  bo  eeniidorod  ai  etfobollar  looming 
maehanismi. 
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AutQMniQ  tulninqi 

Autpoanle  training,  hat  baan  davalopad  aa 
an  altarnativa  to  rapatitiva  atimulua 
adaptation  to  alloviata  apaea  aioknaaa 
(Cewinga  at  al,  1977) •  fha  aaaantial 
preblaa  in  attanpting  to  pra>adapt  indi¬ 
vidual!  te  tha  netien  anvironnant  of  aaaoo 
ii  tha  inability  to  preduaa  a  waightlaaa 
anvironnant  (or  adaguata  langtha  of  tima 
to  onablo  tubjaota  te  build  up  tolaranea 
to  novamant  in  aoro  Oi 

hutoganie  taadbaok  training  ia  daaeribad 
aa  a  eenbinatien  of  biefaadnaek  and  auto- 

?anio  therapy.  It  ia  baaad  on  tha  propeai- 
ion  that  bna  aoauiaition  of  voluntary 
eontrol  ovar  eartain  of  tha  autonemie 
raapenaaa  that  eharaetariaa  notion  aiek- 
naaa  would  allow  an  individual  te  attanu- 
ata  at  will  tha  whole  aynpton  oonplan  and 
tharaby  ineroaaa  hia  tolaranea .  Purthar- 
mora  if  tha  training  ware  aimed  at  eontrol 
of  tha  anpraaaion  of  notion  aioknaaa 
aymptoma  it  night  ba  poaaibla  to  aohiava  a 
tolaranea  to  diaeordant  notion  that  waa 
not  eenflnad  to  a  apaeifie  type  of  atinu- 
lut.  tha  taohniqua  invelvaa  both  vlaual 
dltplay  and  auditory  faadbaok  of  aovaral 
autonenio  raaponaea  that  ooour  during  tha 
dovalopmant  of  notion  aioknaaa.  In  tha 
atudiat  oarriad  out  by  Cowlnga  a  Toaeano 
(raviawad  in  Cowlnga,  1999),  tna  meniterad 
varlablaa  werai  heart  rata,  raapiration 
rata,  plathyanography  of  tha  finger  and  of 
tha  akin  adjaeant  to  tha  neuth,  akin 
eonduetanoa  of  tha  tlngara  and  alaetrenye- 
graphle  aotivlty  in  intareoatal  nuaeloa. 
iubjacti  ware  taught  te  eontrol  tone  of 
thaao  raaponaaa  both  in  tha  diraetien  at 
radueing  the  autenonie  raaponaa  te  netien 
aieknaia  and  alto  in  tha  eppoaita  dirae- 
tlon. 

In  a  aarioa  of  anparimanta  it  waa  ahown 
that  tolaranea  te  eroao  eouplad  ttinula- 
tien  adniniatarad  at  weakly  Intarvala 
ineraaaad  at  a  faator  rata  in  aubjaota  who 
raealvod  autoganio  faadbaok  training  than 
in  eentreia  or  in  aubjaeta  given  a  eegni- 
tiva  taa)i  te  parfern.  It  waa  alae  ehewn 
that  there  waa  an  inoraaao  in  tolaranea  te 
other  nauaaogonle  atlmull  nanaly,  head 
movamanta  during  0.9S  Hi  to. 36  a  vartieal 
oaoillation,  and  head  novananta  during 
aimultanaeua  ohalr  rotation  and  yaw  akia 
optokinatio  atinulation. 

An  aaaaaamant  of  tha  taohniqua  haa  hither¬ 
to  involved  only  one  apaea  niaaien.  Vwo  of 
tha  four  aatrenauta  on  tha  niaaien  ra- 
ealvad  autoganio  faadbaok  training.  All 
four  aatrenauta  auffarad  aona  aynptena  of 
apaea  aioknaat  but  thaae  ware  loaat  in  tha 
individual  who  waa  oeniidarod  to  havo 
aehiavod  graatar  autonenio  eontrol  follow¬ 
ing  traatnant. 

A  alfflilar  taohniqua  haa  baan  uaad  by  tha 
ua  Air  Porea  in  eonjunotien  with  oreia- 
oouplad  atinulation  aa  a  traatnant  for 
airaieknaae  in  alreraw  (Jenat  at  al, 
1931).  Of  91  airoraw  aooaptod  for  traat¬ 
nant,  791  aueeaatfully  returned  te  flying 
and  a  further  (t  ware  partially  aueeaaa- 
fuli  Dhia  traatnant  alae  feme  part  of 
tha  Canadian  Air  Poroa  progran  for  tha 
traatnant  of  airalettnaee  fearaila,  lti3) , 

hltiiTiMtivn  trhitnhatii 

Thara  haa  baan  raeant  intaraat  in  tha  uaa 


of  alaatioatad  banda  aeld  aa  'laa  landa" 
or  ‘Aoubanda*,  that  apply  praaaura  to  a 
point  above  tha  wriat.  known  te  aeupune- 
turlata  aa  tha  Pe  or  Hai-Kuan  point,  aa  a 
prophylaetle  traatnant  for  motion  aiok¬ 
naaa.  two  oontrollad  triala  have  failed 
to  ahow  any  banaflt  of  thla  traatnant 
(Iruoa  at  al,  1990;  vijtdahaaga  at  al, 
1991).  Mavarthalata,  tha  plaeabo  affaot 
of  any  fern  of  traatnant,  praaerlbad  with 
eonviotlon,  may  ba  banafiolal  to  aema 
Indlvlduala . 

While  aeupraaaura  la  not  aignlf ioantly 
batter  than  plaeabo,  aalf -adniniatarad 
alaetrloal  aeuatlmulabion  haa  baan  ahown 
to  ba  of  benefit  whan  eomparad  with  a 
oentrel  group  who  raeaivad  no  traatnant, 
and  with  a  plaeabo  group  in  which  tho 
davioo  waa  not  awitohad  on  but  who  wara 
told  that  tha  fraquanoy  of  tha  atimuliia 
made  it  impareaptlbla .  Hewavar,  even  thit 
anparimantal  protoool  doaa  net  allminata 
tha  plaeabo  affaot  of  having  pareaptibla, 
and  parhapa  diatraoting,  oonrirmatlon  in 
the  form  of  an  alaetrle  theek  that  tha 
tharapautie  daviea  la  doing  aomathing. 

•Inilar  eonaldarationa  about  tha  plaoabo 
affaot  apply  to  tha  oonduetiva  itripa  that 
dangle  from  tha  rear  of  eara  to  prevent 
motion  aieknoaa  in  tha  eeoupanti  by  dia- 
oharging  to  earth  any  aeeumulatad  atatie 
eharga  on  tha  vahiola.  Ivan  if  atatie 
alaotriolty  wara  to  play  aona  part  in  tha 
davalopmant  of  oar  aioknaaa,  tha  oharga  on 
a  hollow  metal  box  ia  alwaya  on  tha  axta- 
rior  aurfaoa  while  tha  interior  ia  alwaya 
at  tore  potential. 
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Motion  iloknew  contliiuu  to  be  i  problem  encountered  In  eviction,  well  u  in  other  mum  of  trevellini  (1|2)  . 
Recent  itudiu  (2,4)  heve  itruied  the  fact  that  the  main  treatment  la  itiU  bated  on  the  uie  of  motion  ilekneti 
tuppreaienta,  Although  a  variety  of  drugi  Is  availnble,  none  of  them  providei  a  watertight  loluUon. 

Motion  ilciuieii  at  an  entity  axlitt  at  long  at  men  maku  uie  of  artificial  meant  of  traniportatlon.  At  long  gt  men 
autfera  from  motion  ilokneai  meihodi  of  prevention  and  wayt  of  treatment  have  been  developed  and  ate  atlll  under 
development. 

Beildet  advlou  about  food  and  fluid  Intake,  the  uie  of  netJdacei,  a  metal  ring  around  the  armi  and  plugi  Into  the 
axtemal  ear  unal  at  tha  ilta  oppoilte  the  rt^t>  or  left  handedneai,  phermaeotherapy  li  ai  old  ii  the  problem  Itaelf. 

An  Important  liiue  in  the  leareh  for  dtugi  agalnat  motion  ilokneia  la  that  not  only  a  latiifactorlly  action  and 
prevantlon  exlata,  but  alto  that  a  compound  It  free  from  any  dlituibing  aide  effect.  Side  elfeeti  which  Include  any 
Influenu  on  the  working  upaolty  In  any  riipaot. 

Thli  regardi  eipeclally  craw  membeti  who  have  a  reiponilble  talk.  When  It  concerni  paiiengeri  tide  effecti  are 
much  leu  Important. 

So  hvo  different  groupi  un  be  dlitingiilihed  In  the  aearch  for  eompoundi  active  agalnat  motion  ilckneii. 

Por  eenturiai  the  lurch  methodi  for  new  drugi  ware  reitricted  to  eaperlroenli  and  eaperlanoei  with  drugi  In  io> 
ulled  field  condltloni. 

Laboratoiy  Initrumenti  are  able  to  provide  a  meana  of  Inveatigation  In  order  to  evaluate  qualitatively  and 
quantitatively  the  effect  of  a  drug  on  the  veitibular  ayitem. 

It  la  auumed  that  an  effect  on  the  teilitance  agalnat  motion  aickneii  of  aubjecti  hai  a  relation  with  the  reilitance 
agalnii  ilckneu  provoked  by  itimulatlon  on  a  rotation  chair  or  in  a  rotation  room.  It  ihould  reiemble  the  lenaitlvlty 
for  motion  lickneii. 

However,  the  final  aiMument  of  a  drug  ii  aiwny^  made  In  the  particular  motion  ilckneu  condition  llielf. 

The  aaaeiiment  of  anti-motion  ilckneu  drugi  into  the  laboratoiy  aoundi  much  more  atuactlve,  however  there  ii 
alwayi  the  lack  of  reality,  the  lack  of  itreii  aa  well  ai  to  lome  eatend  the  lack  of  away  movement!  and  vertical 
movementi. 

When  a  drug  la  eapected  to  exert  a  auppreiilng  effect  on  motion  ilckneu,  the  available  laboratory  teit  methuda 
ihould  not  only  pitMde  objective  meaauramenti  about  the  potency  and  the  duration  of  action,  but  ahould  alio  allow 
to  eliminate  adaptive  mnhanlania  by  the  body,  u  well  m  paychlc  Influencea.  In  addition  thli  reuarch  model  can  uie 
a  placebo-group,  which  li  uau^  Impoulble  In  clinical  itudlu  of  thli  nature. 

Old  prevention  methodi  concerned  behavior  actlvltiei  luch  u  eye  flutlon  ut  the  horiaon,  and  controlled  rupiratlon. 
Alio  eating  onloni  In  order  to  avoid  an  abdominal  vacuum.  Purthennore  a  whole  bunch  of  advliu  with  regard  food 
and  liquid  intake  u  well  u  the  um  of  a  iprud  of  producti. 

The  uae  of  a  drug  wni  firat  mentioned  In  lSd9  In  "tha  Lancet"  where  in  a  letter  a  combination  of  chloroform  and 
tincture  of  belladonna  wu  recommended.  Thli  wu  alio  the  fliit  mention  of  a  belladonna  derivative. 

A  itudy  publlihed  In  "tha  Lancet"  revealed  that  between  1829  and  1900  practically  everything  that  could  be  carried, 
worn  of  swallowed  wu  pruertbad  at  one  lime  or  anoUter.  Theiti  preicrlpUoni  wen  a.o.  opium,  cocaine,  itiychnlnc, 
creoiole,  quinine,  nltroni  mdde,  amyl  nitrite,  hydrocyamlt  acid,  nitroglyeerine,  warm  lalt  water,  iirong  tu  or  coffee  u 
well  u  a  variety  of  akoholle  b^rapu  (S). 

The  laa-land  operaitoni  In  the  Second  World  War  Initiated  the  development  of  modem  drugi  beceuae  of  tha  mllliary 
neceaaity. 

It  bactme  apparent  thet  In  the  deiign  of  motion  ilcknaH  drug  trltla  eiretui  control  wu  of  uitermoit  Importinee 
beoauie  of  the  many  Influantlal  viriablM  Invulvad, 

In  expetimanta  levural  methodi  were  uied,  tU  providing  a  particular  combination  of  movamtnti.  Ma^y  different 
devIcM  were  comiructed  unpoalng  a  controlled  motion  upon  their  occupente, 
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Method 

dunilon  (h) 

Invettlgntot 

<maU  ihipi 

1  -  4 

Hill  1943  (6),  Olaier  1931  (7) 

aircraft 

1  -  7 

Chinn  1933  (8),  Strickland  1949 

tils  rafu 

I 

Glaier  1932  (10) 

rvingi 

W 

Smith  194d  (11) 

vertiul  accelerator 

1/3 

Johnion  1964  (13) 

ilow  roution  room 

1/2 

Oriybiel  1960  (13),  Wood  1968 

iruopthipi  Atlintic 

48 

Oay  1949  (16) 

mine  tweepert 

48 

Amer  1958  (17) 

(9) 


(M),  Wood  1970  (13) 


However,  there  were  many  doubti  u  to  the  relevance  and  validity  of  the  detHcei  In  the  evaluation  of  anti-motion 
ilekneu  drugi.  The  luipiciatu  were  partly  conOnned  at  It  appeared  that  drugj  with  a  pro<'en  value  agaitllt  leavickneai 
were  relativaly  Ineffective  when  letted  by  the  motion  of  iwtngi,  acceleratlont  or  life  rafti. 

Furthemore  uie  etSrct  of  a  drug  waa  uiually  etteued  hy  ineant  of  itt  effect  on  tynptoma  at  vomiting,  aweating  and 
general  ftelingi  of  vrall-being.  abjective  naaiuremente  ware  not  available, 


In  conilderiiig  the  effloacy  of  a  drug  the  aiae  of  the  given  dote  It  for  many  reatoni  on  Important  factor.  Uiually  a 
drug  hat  a  range  of  doiei  over  which  a  gradually  Increailiig  affect  will  be  obierved  until  a  moaimum  it  achieved. 
Veiy  important  It  alto  the  time  interval  bcrveen  Intake  and  maximuffl  effect.  Mecloalne,  a  long-acting  drug,  active 
when  given  in  a  once  dally  dote  In  experimental  condliloni  ai  tea  for  48  houri  appeared  no  more  effective  than  a 
placebo  when  given  in  the  tame  dote,  but  only  2  houri  before  expoiure  to  dO  mlnutei  In  a  life  raft.  So  many 
examplet  can  be  given  with  regard  the  moment  of  Intake,  the  moment  of  maximum  action  and  the  duration  of  the 
effect. 


In  ihli  reipeci  the  fallowing  diagram  (3)  glvei  a 
good  example  of  the  effective  blood  level  to  time 
of  experimental  obiervation.  The  moment  the  tail 
procedure  It  applied  givei  ftilie  Information  In  cate 
b  (flg.  1). 

It  meant  that  for  every  drug  to  be  Inveitigated  at  a 
number  of  intervali  after  the  adffliniitratlon  a  leit 
hat  to  be  conducted, 

In  ihr  publication  of  Wood  (18)  the  anti-motion 
tick  eu  drugi  at  that  time  were  divided  Into  tour 
groupt;  anticholinergici,  antlhlitamine«,  iranquillceri 
and  miieellaneuui. 

It  It  nowadayi  clear  that  luch  a  elwlifloation  doei 
not  lerve  any  purpoae. 

The  Penucola  inveitigatoia,  headed  by  Aihton 
Orayblal,  made  a  review  of  the  available  drugi  In 
the  liitlea  and  with  the  uie  of  the  ilow  rotation 
room  made  itudiei  about  the  effeotiveneti. 


Several  laboratory  techniquei  were  tiled  in  rather 
recent  timea. 

The  cupulometty  wai  firat  deaciibed  by  Van  Fig.  I.  Diagram  relating  effective  blood  level  to  lime  of 
Bgmond  (19)  end  later  used  for  many  yean  ii  a  experimental  obiervation. 
icreening  teit  for  the  leniltivlly  of  the  veitibular 

lyitem.  With  thii  teit  an  Individual  It  lubjeeted  to  an  acceleration  on  a  rotation  chair  till  a  conitant  velocity  It 
reached.  Then,  follotving  a  ludden  atop  both  the  length  of  the  provoked  rotational  leniatlon  it  well  at  the 
potlrotationil  nyiuigmui  it  meaiured.  The  change  In  theae  parameten  It  atiumed  to  give  Iniight  Into  the  effect  of  a 
drug  on  the  veitlbulor  lyitem,  and  to  on  the  leniitlvity  for  motion  ilckneii, 

Cupuloinetty  it  not  very  popular  anymore  in  motion  ilckncii  ttudiei,  eipeclally  ilnce  Dobie  (20)  wet  not  able  to 
confirm  the  eiiumpilon  that  motion  lickneii  luicnntibUity  could  be  determined  in  an  exteniive  itudy  in  1000  human 
lubject. 


With  the  dixl  teit  (21)  a  itimulut  wai  adminlitered  for  the  controlled  production  of  motion  ilckueu.  The  tett  requirei 
the  lubject  to  make  preicribed  lettingi  on  a  leriet  of  Pive  diolt  iltuated  at  flxad  puitioni  around  hit  chair.  The 
arrangement  of  the  dlili  it  In  inch  i  way,  that  lubitantial  head  an  body  movemanu  have  to  be  made  in  order  to 
make  the  netting.  The  hud  movementi  are  iMumed  to  itimulate  the  nauieogenle  coriolit  veitibular  ruetion. 
Well-being  raiiiigi  were  niaie  el  the  completioii  of  uch  tequence  of  five  lettingi.  The  ralingi  were  bued  on  in  11 
point  cole:  0  ••  1  ful  fine,  10  «  I  feel  awful,  juit  like  I  am  about  to  vomit. 

Obicctive  ligni  and  tubjeetive  tymptomi  reporti  together  have  to  be  collected  independently. 

The  method  can  be  applied  before  u  well  u  followdng  the  idminlitratlon  of  in  and-motJon  ilekneii  dnig. 

It  bat  I  grett  deal  to  commend  it  at  technique  for  evaluating  drug  efflucy  became  it  allows  a  quantitativa 
aueti.nent  of  the  amount  of  itimulitlan  required  to  rueh  a  well-defined  pre-vomiting  end  point. 
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Several  drug  itudlei  have  been  published  by  Wood  and  Oraybiet  (22),  Wciod  (23). 

Ftg.  2  gjvea  an  Impreuion  of  tht;  reiulu.  According  to  these  itudlei  the  combination  icopolamine  amphutamine 
proved  to  be  moit  effective. 
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Fig.  2.  Bffectiveniu  of  kntlnotlon  ilcltneu  drugi  in  pn^tJng  motion  •loluiNi  in  50  lubjocti  axpoied  on  500 
oeeoiioni  In  t  lotiilng  environment  uiing  the  Dili  Test.  From  Wood  end  Onyblal  (IMS). 


It  muet  be  emphulwcl  tbet  beeaun  of  the  choten  momenti  of  meuurementi  them  reeulte  did  not  fit  very  well  with 
the  experlencei  In  reel  mntlon  ilckneii  conditloni. 

According  to  Pvtott  (24)  trenidermel  loopohtmlne  It  the  moit  effecUve  tingle  drug  for  the  prevention  end  treatment 
of  motion  lickneu.  Chelen  (25)  reported  that  phenytoln  Inoreiied  the  tolerance  to  motion  tlcknew  eonilderably. 

At  en  example  of  a  drug  itudy  1  pteient  you  the  data  of  a  trial  conducted  In  our  own  laboratoiy. 

The  effect  of  the  two  drugi,  of  their  contbination,  and  of  a  placebo  on  angular  eccalarntlon-lnduced  nyitagmua  and 
on  linear  acceleration-induced  eye  movementi  wai  examined  in  normal  healthy  human  lubjecta.  A  compound  lueh  at 
Qnnarixlne,  which  ipeciflcally  luppreuei  the  activity  of  tha  veitibular  organ,  hu  proven  to  eonilderably  counteraol 
torilon-lnduced  nyitamui  (26).  It  leemi  that  under  the  eBbct  of  thii  compound,  the  Inbyrlnth  beeomei  leu  icnaltlve 
to  itimull,  with  the  effect  thet  reective  nyttegraui  iterte  et  a  later  point  of  the  ilnui-ihep^  iiUnului  end  thet  It  itopi 
loaner. 

The  llneir  eccelsrition  end  deceleretion  teit,  ipeciflcally  on  the  ptrallal  iwing,  mekei  it  ponible  to  obeerve  e  drug- 
induced  reduction  of  the  deflection  of  the  nyitegmui  movement  (27,28). 

Domperldone,  too,  hei  en  effect  on  the  duration  of  nyitigmui,  but  apparently  vie  another  mechanlim  of  ictlon 
(27,26).  In  addition,  the  pharmacokinetic  profile  of  Domperldone,  t  compound  with  rapid  absorption  and  relatively 
rapid  excretion,  la  clearly  different  from  that  of  Qnnerlxina,  which  la  ilower  in  reaching  Ita  peak  affect,  and  which  la 
excreted  more  itowly.  For  thli  reuon,  it  wu  decided  to  combine  the  two  compounds  and  compare  their  combined 
action  with  that  of  the  uptrate  compoundi. 


.iwl  «««hnAi 

Teat  tultlecli  and  acheduki  Tha  itudy  wu  carried  out  In  25  healthy  lul^Mla.  Bwh  iut||eat  pertlclpeted  four  timu  at 
weekly  intetvali.  The  tuti  «ei«  performed  In  the  monting  after  the  luttject  hid  •  light  mill. 

The  toialoii-ewiitg  teah  The  tonien-iwing  provoku  an  inguJir  leoelarition  which  allmulaiM  both  horliontil 
lemiolrcular  eanila.  On  the  other  hand  the  pirallal  iwlng  provoku  ■  linear  ueateratlon  which  itlfflulatu  the  etoUtha. 
The  tonlor.  iwuig  prodiicM  rotating  acceicratiow  In  alternating  diractloni.  In  the  tula,  a  204  OMfllatlng  period  wu 
uied.  The  awing  wu  rotated  90*  in  the  hotlaontil  plana  and  lubiequantly  relaai^  Thli  producad  a  rotating 
movement  of  the  iwlng  In  iltemnling  diteotloni.  The  ilow  rotation  time  of  20  i  had  a  relufatg  effect  on  the  tut 
■ubjuta,  while  the  itlmulation,  which  wu  lupralimlnal.  only  induced  a  alight  MHualion  of  motion.  Tha  ithnulatlon 
brought  about  a  clear  nyitagmui,  wMch  wu  puutble  to  tceord  alaetronyatagmographleally. 

The  hud  of  the  tut  luhjcct  tvu  fixated  by  meeni  of  a  haadrut  with  two  pau.  Tha  lUhltcti  wera  blindfolded  while 
the  eyu  won  kepi  eloied.  Regular  alutroeyitagmo-iraphlcal  alecttedu  wan  plaeed  on  both  ildu  of  the  hud  at  tha 
temporal  bonu. 

Only  eye  movemanta  la  the  horlaontal  plaaa  wen  recorded.  At  the  boglnnini  of  a  lequeace  a  iub||aet  wu  luhlaeled 
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la  the  tonlon  swing  teii  end  (opoitd  to  five  eonplete  ouUletloiu,  after  whlab  the  teet  nedltatlon  wu  admlnltitrad 
In  tablet  tom,  At  &ed  poinu  in  time,  efter  the  admlniitration  ot  the  medication,  the  tonlon  iwing  tut  wu  ripaated. 
Bach  time  lubjecti  were  exposed  to  five  eomplete  oeciltailgni.  Par  the  calculation  of  the  aifiMt  ot  the  compound  on 
the  duration  ot  the  nyctagmui,  the  time  between  the  flnt  and  iut  nyitagmue  movement  In  a  given  direction  wai 
meaiuied.  For  each  lubject,  meaiurementi  were  alwa^  bated  on  iha  tame  direction  of  nyitagmua. 

The  parallal-ewiag  tatti  For  the  lacood  part  of  the  Invaitigatlon,  a  parallel  iwing  wu  uiad.  Thii  rontiitad  of  a  load* 
bearing  lurbce  luipended  from  the  ceiling  with  4  ropei.  The  maximum  deflection  of  the  iwing  wu  lid  cm,  maximum 
locelaration  348  cm4'\  and  maximum  ipead  203  cm*  '.  The  time  required  for  a  uompleta  owillation  wai  il‘/ 1.  With 
the  parallal  iwing,  a  linuieidally  alternation  linear  acoelaration  wai  produced,  which  gave  rile  to  yutibulu  aye 
movementi.  Ai  llnau  aecelaradon  li  a  ipadfle  idmului  fbr  tha  oiolithi,  the  parallel  iwing  leit  may  be  ieguded  u  a 
leit  for  the  otollthi.  Vflien  a  iub|act  li  iwung  ildawardi,  a  ilnueoldal  eya  movemani  la  elicited  that  li  In  phaie  with 
the  awing  movementi.  Ttiaia  movementi  are  cauied  by  itimulation  of  the  otollthi  and  of  the  utriculi. 

The  lubjact  wu  poeltloned  on  the  iwing  with  hia  hud  flxed  In  portion  on  a  hudrait  between  two  elampi.  Tha  ayei. 
which  wen  cloaad,  were  covered  With  a  place  of  cloth.  The  Mdag  wu  then  pulled  away  latanUly  ever  a  dlatance  of 
113  cm  and  raliued,  ruuldng  In  tha  auUeet'i  body  making  latual  awiiighig  movemanti.  Tha  comjMimtoiy  eye 
movementi  were  reglitered  u  deierlbed  above.  For  uch  tut  the  lubject  waa  awung  to  and  frd  10  timai.  After 
lubJecti  had  bean  lubmlttad  to  tha  tut  3  timu  at  13<ttiin  intatvala,  the  drug  under  itudy  wu  adminlitarad,  afinr 
which  the  tut  wu  reputed  at  fixed  pointa  in  time. 

Before  each  tut,  the  apnaratui  wu  caltbnted  by  hiving  the  tut  lubjut  with  fixed  hud,  look  In  alternating  fuhioti 
at  two  fixed  poinu  on  the  Mllingi  an  aye  movement  of  20*  wu  made  to  corrupond  to  a  20  mm  defiaeilon  oh  the 
ragliuatloo  paper. 

The  iwing-inducad  reglateied  eye  movement  wu  a  linui  movemant.  For  purpoiai  of  calculating  tha  eOact  of  the 
compound  adminlitend,  the  maximum  eye  movement  detlectioni  were  averaged  for  uch  iub)ut,  Bach  iuh)ut 
completed  tha  tut  four  timu,  after  nuMng  a  dlffannt  drug  u^  time.  Thu,  It  wu  poulble  to  compare  changu  in 
tha  raglateted  eye  mdvemaoia. 

Medkadotu  In  both  pafta  of  tha  itu^,  nodomlution  wu  ued  for  the  M^anu  of  the  four  trutmami  In  each 
•ubject  (plaubo  (pi),  Ctnoarlaiae  (Q,  Domperidone  (D)  and  TouriitU  (C-vD)),  u  well  u  fbr  tha  order  of 
admlniitration  to  aU  luhjecti  pat  ilody  uwuuu.  ware  ua  alio  taken  that  uch  drug  be  gtvan  with  equal  frequency  in 
tha  4  phaau.  Tha  invutlgalloa  wu  urriad  out  In  douoia-bllnd  faihion,  i.e.  neither  tha  aubject  nor  the  Inveitlgator 
wu  awve  of  tha  compoaltion  of  the  tablata,  which  were  ell  the  leina  colour,  ihape,  and  ilu. 

WeeiilH 


IntaiMdly  of  the  veatibuler  tnhibitiaat  During  both  rotation  and  linear  movement,  Touriatll  (CiD)  uuied  a 
lignlficantly  greater  reduction  (p<0.03)  of  tha  duration  and  amplitude  of  nyitagmua  and  aye  deviation  only  13  min 
after  tha  Intake.  Ai  urly  u  30  min  after  intake,  Touriatll  (040)  parformed  aignificantly  bailer  (peO.Ol)  than  the 
other  mediutlona.  The  ihortanlng  of  the  duration  of  nyitagmua  obtained  with  (C4D)  wu  ucaptlonal  In  tha  rotation 
tut!  alnoii  613b  (±  4K)  vi.  a  maximum  ihortening  of  28ft  (t  6ft)  for  (D),  37ft  (±  6ft)  for  (C),  and  3ft  (±  3ft) 
for  (pi)  (Fig,  3), 
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Fig.  3.  Vutibulu  depreulon  (ihortanlng  of 
duration)  during  ulmuletlett  torilon 
awing.  Peak  ettbeu  of  four  medlcetioni 
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Pig.  4.  Vutibulu  depreulon  (reduedon  of  amplitude 
of  *yt  movemenla)  during  itimulation  on 
pualtel  awing 
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'i  he  iveri|(  mtidmum  reduetign  of  kopUtud*  l«\  tha  panllit  iwldg  tait  wai  2  (±  3),  16  (±  4),  26  («  4]  and  30  (t 
3}  for  (pi),  (D),  (C)  and  (C+D),  raipactivaly  (Pig.  4).  tn  Increaiing  order  of  poMnoy,  the  following  Mriei  wai 
obtaloadi  placebo,  Domperldooi,  CInnarliine  and  Tourlatil.  Baidi  of  thaia  "iiapi"  wu  itailitloilly  ilgnlfloant  (p<0,OS), 
Tha  ibadlin  uaidmuiB  Inhibition  (Pig.  9)  wai  4%,  30%,  39%,  62%,  for  (pi),  (D),  (C),  and  (CaD),  mpeetlvely.  In  tha 
rotation  teit.  The  madlan  amplitude  rtduotlon  wai  6%,  17%,  26%,  ind  34%  In  tha  linaar  teit.  Ai  previouily,  the 
dUbraneei  were  itatiitleally  ilgrilfleant  (p<0.0001). 

Tbaa  of  -  -  . 


Mudnum  veitibulir  Inhibition  wu 
raaohad  after  an  average  of  1  h  (di  12 
ittifi)  with  (D),  2,24  h  (at  42  i^)  with 
(C)  and  2.12  h  with  Touriitll  (C-hD)  In 
the  rotation  tut  (I^lg,  6).  Thli  auudnun 
inhibition  oocurrad  at  i  ligniflaantly 
earlier  point  in  time  with  (D)  than  with 
(C+D)  and  (C)  (p^aoOOl),  while  the 
olfrefenat  between  (C-i-D)  and  (D)  wu 
not  ilgnifUant  (Fig.  7).  The  miaimuu 
eSaot  tn  the  parillal  ewlng  tut  OMurred 
at  tha  and  of  133  h  (at  38  min)  for 
(Cao),  114  h  (Os  33  min)  for  the 
plioabo,  ind  1.24  h  (  42  min)  for  (C) 
and  (D). 

Tha  graphi  (fig.  8  and  6)  of  tha  eouria 
of  tha  voidbular  Inhtbldon  during  the  4>h 
ihvudgadon  givi  a  aleat  pieture  of  the 
aBaot  of  laoh  madloadon.  Tha  placaho 
affect  hardly  davlalu  from  tha  100% 


Pig.  3.  Shortening  of  nyitigmui  (tonlon  iwing)  and  reduction  of 
amplitude  (parallel  iwing)  at  dma  of  maiimum  udvity. 


line.  Clunarltina,  with  Iti  wall  known  inhibitory  effect  on  the  vuttbular  appuatui,  li  ilowar  ui  reaching  lu  peik  than 
Domparldone,  TouiiitU  (CaD),  Ilka  Chmnrldna,  Indueu  a  very  itrong  raductlon  of  tha  duration  of  nyitigmui  at  the 
end  of  approidfflataly  2  ^  however  Iti  peak  affect  li  conilderably  itronger.  171110  curvai,  which  ware  darivad  from  the 
two  partial  Invudgadoni  (rotodoni  and  linaar),  ihowed  an  Identical  pattern.  Ai  almdy  itated,  the  rotation  tan 
evidenced  a  itronger  quandiadve  affaci 

Tha  10%  Unit  of  viitilwUi  hthlWtlnni  A  ihortening  of  the  nyitamui  by  at  laut  10%  In  praetlea  li  awumad  to 
corraipond  to  an  aethdty  in  tha  pravendoki  of  medon  ilcknau  (N).  Thli  level  wu  raaohad  with  Touriitil  (04*13)  In  16 
tut  lublacli  wlihln  13  min  and  In  tha  total  itudy  group  (na35)  within  30  min.  With  (D)  the  flguru  were  0  and  21 
subject!,  reipacUvalyi  and  with  (C)  0  and  10  lubjacti  (fig.  7).  The 
tnun  dme  (diS.D)  to  tha  oeourrinee  of  10%  Inhibition  wu  20  uin 
wllh  Touriitll  (C4-D),  while  tha  lame  valuei  for  (D)  and  (C)  were, 
rupudvaly,  33  min  and  1  h  (flg.  10).  Thcia  dlBarancai  were  alio 
Itatiitleally  lignlBoeni  (p<0.01). 

Although  mauurenianu  were  only  taken  up  to  4  h  after  intake  of 
the  tut  madlcadon,  the  duration  of  action  of  Touriitll  (C4*D)  u  a 
medication  agalut  motion  ilckneu  in  tha  preient  Inveidgadon  wu 
longer  than  that  of  (C)  and  (D)  (Fig.  11).  Again,  tha  diffarencu 
were  ilgnlBcant  (p<0.001),  Contraty  to  tha  totilon  iwing,  the 
evaluation  oriierium  adapted  for  the  tame  and*modon  ilcknau 
activity  Ui  the  puallel  awing  tut  deiorlbed  tn  thli  paper  wu  a  leu* 
than-10%  raducdon  of  tha  amplitude  of  nyitigmui.  A  compaiiion 
of  the  data  obtained  uilng  the  two  iwlngi  ihowi  that  tha  value  In 
the  puallel  awing  tut  mut  be  around  a  3%  amplitude  raducdon. 

The  dmu  recorded  (or  reaching  thii  minimum  of  3%  amplitude 
reducdon  ehow  a  rapid  affaet,  limllu  to  that  obiatved  In  the 
tonlon  iwing.  Ai  before,  the  difforencu  with  (C)  and  (D)  ware 
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highly  ilgnificant  (p<0.0001)  and  in  flavour  of  Touriitll  (C4-D).  In  fact,  thli  point  wu  ruehad  at  the  end  of  an 
average  of  23  min  with  Tou^dl. 

Superiariflr  of  TOtBiidl  to  OnnarUaet  Pig.  12  and  13  ihow  that  the  gmtut  difference  In  olllcaey  betwun 
Cinnariiine  (C),  the  more  potent  of  the  two  oompoundi,  and  Touriitll  (C4-D)  wu  ued  In  lubJacti  who  rupondad 
poorly  to  (C)  on  Iti  own.  The  Paanon  correladon  focton  ware  0.84  for  the  tonlon  iwing  and  0.81  tor  tha  puallel 
iwing,  ^  both  were  highly  ilgnlfloant  (p<0.0001). 

No  lida  aftooti  ware  oburved  or  reported  during  tha  itudy. 
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Pig.  7  Numbar  of  lui^cti  with  il^lfloint  vtitibular  deprawian,  l.a.  IQK  ihonaning  of  nyatagmui  duration  or  5% 
raduailon  of  ampllluda.  Vuial  number  of  lait  lubjacta  ■  n*<23. 
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Pig.  8.  The  change  In  the  duration  of  a  rotatorv*  Fig.  9.  The  change  In  the  amplitude  of  parallel  awing* 
Induced  nyitagmua  In  a  time  courie  of  4  h  Induced  a;*  movemanti  In  a  time  courie  of  4  h 

after  drug  adminlatration.  after  drug  admlnlitratlon. 


Fig.  10.  Mean  time  (U:S.D.)  until  clinical  effect  (>10%  of  nyitagmua  duration)  and  >5%  of  nyttagmua  amplitude. 
Wllcoaon  3*talled. 
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Fl|.  11.  VMilbulu  inhibition  during  ttImuUtlon  on  Pig.  12.  Correlttlon  batwenn  tha  nddiilonni  affaat  of  muriitil 
the  tottlon  Tha  inadltni  and  tha  and  tha  affiet  of  clnnirklna  laparataly  (rotation 

axtiamaa  of  tha  duration  of  tha  nyitagmui  are  taiu) 
indlaatad  for  all  four  eotnponanti  Hparataty. 
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Tha  aim  of  tha  atudy  wan  to  axamlna  tha  Inhlblioiy  affaat  of  Touriatll,  a  eomblnatlon  of  Onnartalfla  40  tng  and 
Domparldona  30  mg,  on  tha  labyrinth.  Baah  of  thaaa  two  aompoundi  aaaru  a  vaitlbular  Inhibition  laparatalyi  albait 
through  dlffarant  maohantimi  (1-2).  Tha  activity  of  CInnarialna  (C)  li  rather  alow  at  the  oniet,  and  raachei  a 
maximum  after  2>3  houri,  while  the  peak  affaat  of  Domparldona  (D)  aomai  about  morn  rapidly  (all^tly  more  dan  1 
h).  It  amaraad  from  tha  praiant  Invaitlgatlun  that  tha  two  laparate  compoundi  (C)  and  (D),  nnee  In  combination  In 
Tourlitil  (C-i-D),  had  a  tynargiitle  Mm  on  tha  vaadbular  ayttam  In  tha  form  of  an  inhibition.  Tha  maximum 
reduction  of  about  SOK  obtained  in  thia  atudy  la  altogathar  axeeptional  In  ihla  type  of  Invaatigatlon  and  clearly 
undatUnu  tha  potency  of  tha  new  combination.  In  addition,  tha  rapid  onaat  of  action  of  Touriatll  la  a  further 
advanuga  of  thu  new  medicine  agalnat  motion  alaknaaa  (fig.  10).  Thia  prompt  aotlon,  moreover,  haa  long  duration, 
which  would  be  aapacially  uaaful  in  caau  of  a  lang>laatlng  andogenoua  or  axogenoua  axoitatlon  of  tha  labyrinth. 

Finally,  It  ahould  be  amphaaitad  that 
both  Touriatll  eomponenla  are  lafa 
oompounda.  In  addiction,  thia  atudy 
ahowa  that  Touriatll  la  moat  affactiva  in 
thcaa  aubjacu  who  are  not  affaetad  by 
(C),  tha  moat  potent  of  the  two,  whan 
^van  aaclualvaly  (fig.  12  and  13).  Thia 
can  be  explained  by  tha  dlffarant 
pharmacological  propartiei  of  the  two 
componentai  CInnatiilne  la  a  Ca**-antry 
blocker  and  la  known  to  be,  amongit 
other  thlnga,  a  direct  vaatibular  inhibitor. 

It  ia  not  known  with  certainty  in  what 
way  Domparldona,  a  peripheral 
dopamine  antagoniat,  affecta  tha 
lal^nth.  Aa  there  la  an  obvioua 
relatlonahip  between  tha  Inhibitory  action 
of  a  drug  on  the  labyrinth  and  ita  value  Pig.  13.  Correlation  between  the  additional  affect  of  touriatll  and  the  ^ 

at  a  medication  agalnat  motion  aicknett,  affect  of  cinnarialna  aeparataly  (parallal  awing  teat).  i 

It  may  be  concluded  that  Touriatll  it  a  | 

very  potent  preparation  agalnat  motion  tlcknatt.  In  addition,  Touriatll  approaohat  the  profile  of  tha  ideal  drug  agalnat 
motion  tlcknatt  morn  olotaly  than  any  other  medication.  In  thia  connactlon  the  rapid,  potent,  and  long-laating  affecta 
of  Touriatll  are  of  particular  relevance. 
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Repretentatlon  of  the  data  of  thia  atudy  are  meant  to  thow  you  that  laboratory  modelt  are  uaaful  to  tome  extend. 
However,  the  final  proof  mutt  alwaya  be  given  in  the  condltiont  where  a  drug  it  expected  to  work. 
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intgBduBtiflg* 

TO  tha  ganaral  phyiielan  tha  problan  of 
motion  lioknaaa  typioaily  praaanti  aa  a 
raguaab  tor  advioa  on  how  to  avoid  motion 
aieknaaa  whan  travaliingi  or  during  lai- 
aura  aotivitiai  aueh  ai  gliding  or  aail* 
ing.  Mora  urgantly,  a  doctor  aboard  chip 
in  rough  waatnar  may  ba  eenirontad  with 
tha  naad  to  traat  individual!  proitratad 
by  rapaabad  vomiting  aa  a  raault  ol  aaa> 
aieknaaa.  Tha  military  doctor  may  have  to 
deal  with  the  operational  problam  of 
airaicknaaa  in  trainee  airoraw.  aaaaick- 
naaa  in  aailorci  or  motion  aieknaii  among 
troopc  tranaderrad  by  air.  in  aneleaad 
army  paraennal  carriara^  landing  oratt  or 
tanka.  Pinally.  baeauaa  motion  aieknaaa 
may  hava  financial  implinationa  by  eon- 
tributlng  to  tha  failure  rata  in  a  eoatly 
training  progranmoi  madieal  advice  may  ba 
aought  in  order  to  minimiaa  tha  aeonomie 
problam  of  waatago  in  training. 


Vomiting  ia  a  praaanting  aympt.om  in  a  wida 
variety  of  diaaaaaa  involving  diffaiant 
ayatama.  Common  eauaaa  include  gaatrean> 
taritiai  migrainoi  axeaaa  aloehol  eonaump- 
tion.  pantio  ulearation,  drug  eraatmant 
aide  afraota,  and.  in  young  ohildran. 
acuta  infaotiona.  It  ic  likely  that  a 
tandaney  towarda  vomiting  at  a  eonaaquanea 
of  an  underlying  diaaaaa  could  ba  axaear- 
babad  by  a  nauaaoganie  motion  anvironmant. 

Tha  auggaationt  often  by  thoaa  who  hava 
net  thamaalvaa  axparlanead  motion  tick* 
noaa,  that  anxiety  ia  tha  principal  factor 
in  tha  nauaaa  and  vomiting  of  motion 
aieknaaa  ia  net  wall  founded  (Hirabila 
laid).  Honathalaaa.  anxiety  oan  of  itaolf 
give  riaa  to  aymptema  of  anorexia,  atemaeh 
avaranaaa  and  vomiting.  Phobic  atataa  oan 
tharefera  eoeaaienaliy  ba  eenfuaad  with 
motion  eioknaaa.  Anxiety  may  however , 
woraan  an  already  axiating  auaoaptibility 
to  motion  aieknaaa.  it  haa  bean  ebaarvad 
In  aiwaioknoaa  auaoaptibla  aireraw  that 
aymptoma  oan  be  oKauarbetad  by  inoraaaad 
work  load  praaturaa  within  tha  aortia  and 
alae  by  an  axoaaaiva  anxiety  to  aueoaad  in 
training  (lagahaw  i  itett  laid). 


niaatioila . 

Netlon-induoad  nauaaa  and  vomiting  ic 
aaldem  a  diagneatle  problam.  Thoaa  who 
tend  to  ba  auaeoptlbla  often  know  from 
axearianoa  tha  airoumatanoaa  that  induce 


deetor'a  praaeriptlon  and  eftan  auffarara 
will  hava  found  a  aultabla  remedy.  Indi* 
viduala  may  proaant  to  their  doctor  ba> 
eauaa  druga  hava  failed  to  pravant  aymp- 
tema,  baeauaa  of  unaeoaptaela  aide  af- 
faeta,  or  beoauac  tha  uaa  of  druga  would 
be  eontra-lndioatad,  tor  axampla,  whan 
piloting  an  aircraft. 

Tha  doctor  ahould  ba  aware  of  other  diag- 
noatic  poaalbiiltiaa,  partieularly  whan 
from  tha  hiatcry  it  would  aoam  that  tha 
inganaity  of  provocative  atlmuiua  it  low, 
whan  vomiting  Mriiata  after  eaatatien  of 
tha  atibnltta, .whan  prephylaetig  madlettien 
haa  made  no  difiaranet  to  tha  ineidanea  of 
aymptema,  or  whan  tnara  it  not  a  aimilar 
dagroa  et  auieoptibillty  ts  preveeativo 
motion  in  ether  anvirenmanta . 


PjophvlantiH  traatmant  of  motion  alpltnaaa. 


in  many  eireumtttnoat  in  whieh  motion 
aieknoaa  ia  a  problem  it  ia  important  to 
inatruet  Individuala  in  matheda  to  avoid 
or  minimiaa  tho  atimulua.  luoh  maaauraa 
may  make  tho  difforoneo  botwoin  aueeoat  or 
faliura  in  the  affaetivanatt  of  prephylao- 
tie  druga  or  may  aliminata  the  naao  for 
drug  traatmant.  Whan  axpeaura  to  th« 
otlmuluo  la  llhaly  to  ho  traquant,  an 
aaaaaamant  of  tha  llkaliheod  of  uaaful 
adaptation  may  give  tha  auffarar  aoma 
ground!  for  optlniam. 


In  0  rovlow  of  druga  uatd  in  motion  aiek> 
noaa  (brand  a  Perry  Itif),  tha  autheri 
paint  out  tnemiliaa 
exparimantal  tr.'^  ~ 
traaad  to  var 

titwaan  madiett^ _ 

n  the  duration  and  . 
aueh  faetera  aa  tha  moi 


_ ...  .atwaan  the  raaulta  of 

triaia  whieh  "oan  erebabiy  ba 
ariatlona  in  the  interval 
ittien  ana  axpeaura  to  metien, 
type  of  metien  and  In 
Mda  of  adminlatratien 


•r»tla  1.  Anti-motion  aiaknmma  Druam 


Drug 

Mouta 

Adult 

oeea 

Onaat 

Duration 

(hr) 

Hyoaeina 

oral 

300-600pg 

10  min 

4 

pateh 

aeopg+aopg/hr 

«-a  hr 

73 

Injaotlon 

aoopg 

IB  min 

4 

cinnarlaina 

eral 

le-iong 

4  hr 

B 

pronathiilna 

-thaaolata 

oral 

aemg 

a  hr 

34 

-hydreehlerida 

oral 

aemg 

a  hr 

IB 

Injaetion 

BOeg 

IB  min 

IB 

Olmannydrlnata 

eral 

eo-ioomg 

a  hr 

B 

oyolialno 

eral 

song 

a  hr 

la 

•nd  doiaq*  l«v«l  at  th«  drug.  Th«  dulgn 
ef  tneit  liald  trlala  h«t  argnAUy  ftilid 
to  Uko  kooount  of  «vill«bl«  Infornittlan 
(bout  (UEh  V(riabUi''i  If  thii  It  trua 
for  (xparinantorif  hew  ffluoh  mora  ao  ia  It 
for  nera  prtotitontra  or  thalr  aalf-madl- 
eablng  patianta • 

Many  of  tha  druga  that  ara  uaad  to  traat 
nauaaa  and  vomiting  from  othar  eauaaa  ara 
Inaffaotlva  In  motion  aloknaii.  Thua 
maeeolepramlda.  widely  uaad  for  vomiting 
duo  to  gaatrblntaatinal  dlaordari,  ml> 

Sralna,  anaaathatie  aganta  and  aytetexlo 
ruga  li  almoat  eartalnlv  Inatfaetlva  In 
motlotfinduoad  nauaaa  and  vomiting  (Kohl 
although  an  aarllar  atuoy  (Van 
•aumgartan  1(10^  had  Indiuatad  aema  bana> 
fltt>  tiikawiaa  preehlerparaiina/  alao  uaad 
tha  traatmant  el  nauaaa  and  vomiting, 
haa  baan  ahewn  to  hava  nagiigibla  banaflt 
in  motion  aieknaaa  (Wood  a  Qraybial  itll). 
A  rasartly  intreduoad  drug,  edanaatron,  ia 
a  SMT]  raoapter  antageniat  whioh  ia  highly 
atfaotiva  in  tha  traatmant  ef  nauaaa  and 
vomiting  induoad  by  radiation  and  nhame- 
tharapy,  but  haa  no  aflaet  on  laboratory- 
induuad  motion  aieknaaa  (Itott  at  ai 
i»l»). 

Tha  aueeoaafui  uaa  of  prophylaotie  druga 
raliaa  upon  a  knowladga  of  thair  tima  to 
pnak  tharapautie  aotivity,  thalr  aida 
atfaota,  and  duration  of  aotien.  it  ia 
alao  uaaful  to  know  aomathing  of  tha 
variability  of  raaponaa  batwaan  iiidlvidu- 
ala  to  a  atandard  eoaoi 


Tha  protaetien  afforded  by  druga  in  motion 
aieknaaa  ia  far  from  eempiata.  A  aurvay  ef 
evar  ao,000  paaaangara  aboard  farriaa 
(Lawthar  i  oriffin  Illi)  found  that  161 
had  taken  madioationi  Of  thaaa,  ili4l 
vemltad  during  tha  voyage  oemparod  with 
only  i.ft  of  thoaa  who  took  no  madloation. 
Of  tha  aatabllahad  druga,  hyoaeina  (aeepe- 
lamina  uip)  haa  baan  in  uaa  .for  tha  long* 
aat  tima  and  ia  tha  moat  raaaarehad  drug, 
lavaral  ef  tha  anti-hiatamina  group  of 
druga  alao  ahow  anti-motion  aieknaaa 
affaeta.  Thaaa  Inoluda  dimanhydrinata  and 
ita  aetiva  molaty  diphanhydramina.  oyeii- 
aina,  einnariilna,  and  promathatlna. 
kaeont  raporta  Indieata  that  phanyteln  in 
a  dotage  that  givai  anti-epiiaptle  drug 
lavali  and  alag  tarfanadlnt  In  high  dotage 
hava  banafielal  propartlai  in  motion 


aieknaaa  prophylakit.  Table  1  liata  tha 
ourrantiy  uaad  druga,  thalr  deaa,  and  tima 
eeuraa  of  aotion. 


Daapita  ita  longevity,  hyoaeina  probably 
ramaina  tna  meat  petant  aingla  anti-motion 
aiekttofi  drug,  it  in  rapidly  abaorbad 
following  oral  admlniitratlen  and  raaohaa 
a  paak  ooneantratien  in  tha  blood  attar  f 
to  1  h.  Ita  ralativaiy  ahert  half  Ufa  of 
about  1.1  h  impllaa  that  ita  duration  of 
notion  it  no  longar  than  abiut  4  h.  It  ia 
tharafera  moat  luitabia  f.ir  ihort  axpo- 
auraa  to  ralativaiy  intania  prevooatlva 
motion  ttimuil.  lida  affaeta  from  hyea- 
eint  art  fraguant,  in  partiouiar  light 
hoadodnaia,  drewalnati  and  dry  mouth.  The 
drug  ia  not  raeommandod  for  ehildran  in 
whom  tha  tharapautie  margin  ii  probably 
narrower  and  wnn  are  tharafera  mere  at 
rlak  ef  aarioui  toxle  oantral  affaeta  ef 
raatlaaanaaa,  halluelnationa  and  piyeho- 
aia.  Por  almilar  raaiena  hyoaeina  ia  not 
wall  tolerated  in  the  aldarly.  Addition¬ 
ally  it  aheuld  net  be  uaad  in  patianta 
with  giaueema  and  only  uaad  with  eautien 
in  patianta  with  urinary  retention  from 
bladder  naok  obatruetien.  Hyoaolna  haa 
alto  baan  ehown  to  impair  vlgiianoa  and 
ahert-tarm  memory  (Braaeil  at  ai,  1969), 
potalbly  a  daairablt  faatura  in  motion 
•iok  travaiiari  but  not  in  tha  training 
anvironmant . 


Oral  hyoaeina  ia  a  iaia  aatlafaetory  drug 
for  longar  axpeauraa  on  aeeount  ef  tha 
need  to  rapaat  tha  deaa  every  four  heura. 
Thia  ahorteemlng  hai  baan  addraaiad  by  tha 
davelMmant  ef  a  dermal  pateh  (P-'Opodwrm 
TTl,  frtnadarm-leop)  whieh  dalivari  a 
leading  dote  ef  100  ug  hyoaeina  and  10  pg 
par  hour  for  up  to  ft  heuri  whan  applied 
to  the' peat-aurieuiar  akin.  An  aftaotiva 
drug  eoneantrattlon  ia  net  raaehid  until  6- 
l^koura  after  applioatlon  ef  tha  pateh, 
though  thli  delay  oan  ba  ovaroena  by 
almultanaoua  admlnlauration  of  a  aingla 
oral  deaa  (helding  at  al.  lifl)>  DrUg 
axeratlen  eontinuai  for  up  to  41  heura 
after  removal  ef  tha  pateh  probably  indi- 
eatlng  that  tha  akin  beneath  tha  pateh 
eontinuai  to  provide  a  raaatvoir  of  aeUva 
drug  tlehmitt  «  thaw  1111) .  Tha  priholpal 
uaa  of  thia  praaohtatioh  of  hyoielnt  muit 
thirafora  be  ,in  akpeauraa  to  a  motion 
ftlnulua  Uptihg  Kora  than  14  houfa,  aa 


for  axampla  on  longer  aaa  voyagaa . 


n-3 


Tha  affloaay  o{  tha  hyoaalna  patch  haa 
baan  atudlad  on  a  nunbar  of  btiala  at  aaa 
of  varying  duration.  On  la  hour  voyagaa  In 
eeaital  patrol  voaaali  (May  at  al.  1164), 
tha  indax  of  protaotlen,  dafinod  at  tha 
dlffaranea  In  Ineidanca  of  aaailoknaia 
batwaan  drug  and  plaoabe  groupa  aa  a 
pareantaga  of  tha  Inoldanea  with  plaoabe, 
waa  661,  and  axoaadad  that  for  prophylao- 
tlo  dlmanhydrlnata.  In  a  aaa  trial  laatlng 
S  daya  (httlaa  at  al.  1967),  an  Indax  el 
pretaetlen  for  tha  flrat  two  daya  of  741 
fall  to  an  inalgnlf leant  laval  on  tha 
third  day.  Although  alitllar  aaa  atataa 
wara  anoountarad  on  tha  thraa  daya,  tha 
Inoldanoa  of  aaaaleknaaa  In  tha  plaeabo 
group  waa  mueh  raduoad  by  tha  third  day, 
praaunably  aa  a  eenaaquaneo  of  natural 
adaptation,  in  a  aaa  trial  laatlng  aavan 
daya  (Van  Marlon  at  al.  19IS)  tha  hyoaolna 

?ateh  waa  taatad  agalnat  plaoabe  during 
ha  flrat  1  daya  of  tha  veyaga.  A  algnifl> 
oant  bonafit  waa  avldant  during  tha  flrat 
i  daya  of  tha  trip  but  net  on  tha  third 
day.  In  addition,  following  ranoval  of  tha 
patoh,  theaa  In  tha  aetiva  drug  group 
axparlanotd  a  aignifioantly  hlghar  inol* 
danea  of  nautaa  and  vomiting  than  in  tha 
plaeabo  group,  it  waa  eeneludad  that  tha 
tranadarmal  hyoaolna  whlla  initially 
pretaotlva  agalnat  aaaaleknaaa,  had  de¬ 
layed  apentanaoua  adaptation.  In  tha 
longaat  duration  atudy  (How  at  al.  1996) 
tha  patgh  waa  worn  for  tna  antira  16  daya 
apant  at  aaa.  Tharapautie  benefit  waa 
eonfinad  to  tha  flrat  few  daya  of  tha 
veyaga,  and  waa  graattat  among  Inaxpari- 
anoad  aallora  and  in  mora  aavara  aaa 
atataa.  flda  affaeta  wara  few.  fhara  wara 
thraa  raporta  of  dlffleulty  In  aoeemmeda* 
tien  in  tha  drug  group,  and  li  raporta  of 
akin  Irritation  at  tha  aita  of  tha  patoh, 
almllar  numbara  ooeurrlng  In  both  drug  and 
plaoabe  groupa. 


The  rata  of  drug  abaorption  la  auppeaad  to 
be  limited  by  a  mambrana  within  the  patoh 
rather  than  by  tha  underlying  akin. 
Howavar,  atudlaa  of  oxeratlen  rataa  have 
found  batwaan  four  and  nix-fold  varlatlena 
In  urinary  axeratien,  and  othar  atudlaa 
have  feuncf  variability  in  raapenaa  batwaan 
aubjaota  (byykko  at  al.  1961).  Aa  with 
oral  hyoaolna  tua  aide  affaeta  of  drowai- 
naaa,  dry  mevcli  may  oeeur.  in  addition, 
with  tha  patoh  there  may  ba  impalrmant  of 
vlaual  aecommudatlen.  Thit  affaeta  partle- 
ularly  hyparmatropaa  (Karxhalmar  1966), 
and  tha  riuk  Ineriaaaa  with  tha  length  of 
time  for  whioh  tha  patoh  ia  applied 
(Parrott  1961).  Ivon  mora  than  with  oral 
hyoaolna,  tha  dermal  patoh  ia  unaultabla 
for  iiaa  in  ohlldran.  Kalluoinatlena  and 
axtrawa  agitutlon  wara  noted  in  6  out  of 
34  ohlldran  admlnlatarad  aithar  a  whole  or 
half  aoepolamino  patoh  (Olbbona  at  al 
1964),  and  in  a  oaao  raport  of  a  6  year 
eld  30  kg  child  who  dovalopad  a  texle 
payc-heala,  a  plaama  laval  at  34  heura 
after  patoh  applloatlon  waa  aema  7  timaa 
grahtar  than  tha  aqulvalant  adult  laval 
(lannhauaar  I  lehwara  1966). 

einnnriaina  an  antihlatamlno  whioh  alao 
haa  ealoiuai  antageniat  propartioa  haa  In 
raoant  yoara  boan  wldoly  uaod  in  tha 
prophylaxia  of  aaaeleknaaa  (Kargroavaa 
IffS).  Maquata  drug  laVala  oan  ba  main- 
talnad  with  an  a  hourly  deaaga  aohaaw  and 
tha  drug  it  aaid  to  ba  ralatlvaly  free  of 
tha  aide  atfaet  of  drowalneaa.  Howavar, 
after  a  aingla  deaa,  drowalnaaa  tanda  to 


occur  after  about  B  hourt  rathar  than  at  3 
houra  whan  poak  plaama  laval  ia  raaohod. 
Llkawlaa,  aema  Indleat  of  parfermanoa 
Impairment  have  ahewn  ohangaa  only  at  B-7 
houra  after  drug  admlnlatraticn  (Parrott 
1966).  Two  atudiea  of  tha  prephylaotle 
banoflt  of  einnarlalna  uaing  almilar 
proteeola,  found  that  a  doaa  of  30mg 
einnarlalna  ahewad  no  banoflt  at  3  houra 
(Plngraa  1969),  but  after  6  houra  waa  at 
off aetiva  aa  hyoaolna  O.Bmg  taken  3  heura 
pravieualy  (Plngraa  i  pathybrldga  1969). 
On  tha  baala  or  theta  obaarvatfena'  ein- 
narialna  In  a  deaa  of  lOmg  aheuld  ba  taken 
at  loaat  4  houra  batera  oxpoaura  to  pro- 
veeatlva  motion  and  16  or  lOmg  taken  every 
8  heura  aa  required  tharaaftar. 


Profflothaaina  it  available  In  two  forma 
either  aa  promathaalna  hydroehlorida  or 
promathaalna  thaoelata.  Tha  34  hour 
duration  of  aotlon  of  tha  latter  may  ba  of 
advantaga  In  aema  elreumttaneaa,  and  would 
allow  for  a  tingle  daily  deaaga  preferably 
at  night  ao  that  tha  peak  aadatlva  atfaet 
oooura  during  alaap.  Promathaalna  balongt 
to  tha  phanethlatlna  group  of  druga,  and, 
in  addition  to  H.  raeapter  antageniam, 
thla  group  petaanaa  oenaidarabla  anti- 
oholinarglo  aotlvlty,  to  that  marked 
aadatlon  and  dry  mouth  era  frequent  alda 
affaeta. 


Dimanhydrinata  waa  tha  firat  of  the  anti- 
hiatamlna  group  of  druga  to  ba  ahown  to 
have  an  affaot  in  motion  aioknatt.  In  a 
deaa  of  lOmg  It  la  marglhtlly  lata  aftae- 
tiva  than  O.Bmg  hyoaolna  (Wood  I  Orablol 
1966),  but  hat  a  longer  duration  of  ao- 
tlen.  Ita  aadatlva  alda  affaeta  may  limit 
ita  uaafttlnaat. 

Cyoliaina  it  aaid  to  ba  laaa  aadating  than 
promathaalna  or  dimanhydrinata,  though  in 
a  doaa  of  BOmg  It  waa  found  to  ba  aomawhat 
lata  affaetlva  than  tha  aama  deaa  of 
diphanhydramlna  (Weed  I  Oraybial  1966). 
Oyellelna  la  no  longer  available  in  tha  UX 
without  praaerlption  on  aooeunt  of  ita 
potential  for  abuaa.  in  axoata  dote  tha 
drug  oan  give  riaa  to  halluelnatlena. 


I 


Tha  eantral  aympathemimatle  drug  daxampha- 
tamina  haa  bean  ahown  to  have  an  anti- 
motion  aloknaaa  atfaet  whan  utad  alone  and 
to  aet  aynargiatleally  whan  eomblnad  with 
hyoaolna,  promathaalna,  or  dimanhydrinata 
(Hood  1990),  It  alao  antagonlaoa  tha 
aeporlfie  and  partormanoa  daeramanting 
afraeta  of  hyoaolna.  Tha  oemblnation  of 
hyoaolna  0.4mq  and  doxamphatamina  lm< 
(loep/dax)  ia  tka  primary  madioation  uaat 
by  ui  aatrenauta  to  combat  apaoa  aioknaaa 
and  la  probably  tha  moat  oitoetivo  drug 
oenbinablen  available.  Howavar,  baeauta 
of  ita  habituating  propartioa  and' ita 
potential  for  abuaa,  daxamphatamina  la  a 
oontrollad  drug,  in  oenaaquanea,  Ita 
general  uaa  in  motion  aioknaaa  prophylaxia 
oannot  ba  juatifiad.  A  aiiular  alerting 
affaot  without  the  ataeoiatod  riaka  oan  ba 
obtaiiad  with  aphodrina  ll-iomg.  Whan 
uaad  In  oembinatlon  with  aithar  hyeaoina 
or  promothatina,  laboratory  atudlaa  have 
Indloatod  an  augmantad  prephylaetio  affaot 
ever  aithar  hyeieino  or  premothaiiho  alone 
(Wood  a  Oraybiol  1966),  though  no  eloar 

banoflt  of  nyeaoin^  wltl)  apnidpin*  '*vor 


hwaaina  alone 


eund  in  a  trial  at,  aai 


(Tahela  at  al  1914).  Aa  with  hyeaoina. 
aphodrina  nay  praeipltata  aeuta  urinary 


1 


rattntien  If  thar*  ii  bladdar  outflow 
obitruetlen,  an  affaet  In  which  aynorglam 
can  ba  axpaetad  with  an  antl-oholincrglo 
drug. 

Meantly  introduoad  antlhlatanlna  drugi 
olaim  banafit  evar  aarllar  druga  in  having 
laaa  aadatlng  propartiaa.  Thia  it 
aieribad  to  an  inability  of  tha  drug  to 
erett  tha  blood>brain  barriar.  At  a 
ganaral  prlneipia  druga  that  lack  any 
activity  within  tha  aantral  narveut  ayatam 
art  likaly  bo  bo  inaffaetiva.,  in  notion 
aleknaaa.  in  aupport  of  thia  prlneipia 
tha  Hi  antagenlat  attanlaola  la  without 
banafit  In  notion  aleknaaa  (Kohl  at  al. 

Hewavar.  tarfanadina,  alae  aald  to 
hava  no  central  narveua  ayaton  panatra- 
tlen.  hat  baen  ahewn  to  poaaata  anti¬ 
notion  propartiaa  following  a  alngla  doao 
of  aOOng  (Kohl  at  al.  Itll).  (Thia  doaa 
axoeada  tha  nanufaeturara  raeemnandad 
maklmun  of  laOng).  Hhathor  at  thia  doaa 
tone  drug  doaa  eroat  tha  blood-brain 
barriar  I  or  whathar  tha  prinoipla  nuat  ba 
ravltadi  la  net  yat  elaar.  Howavar,  drew- 
ainaaa  la  an  ooaatlonal  aide  tffaot  of 
tarfonadlna. 

A  raeant  ttudy  on  tha  prophylaotlo  uta  of 
phanyteln  (Challan  at  al.  IftO)  found  a 
tanfold  ineraaaa  in  telaraneo  to  ereat- 
eeuplad  atlnulatlon  whan  taken  in  a  dotage 
(1-1.4  grant  evar  34  heura)  that  produeaa 
anti-apllaptle  bleed  lavala.  Thia  rapra- 
aantt  an  Ineraaaa  in  effleaey  by  a  faetor 
of  four  evar  any  other  tingle  drug  in 
eurrant  uaa.  Though  no  aide  affaota  ware 
rapertad  In  tha  tavan  auhjeeta  Involved  in 
thia  atudy.  potalbla  tide  affoeta  ineluda 
nauaaa  and  venltlng,  nantal  eenfualant 
dliilnatt.  haadaoha  and  nuaela  traner.  It 
nay  ba  algnlfleant  that  in  axeaaa  dote 
tnla  drug  predueot  algna  and  aynptena 
raforable  to  the  vaatlbular  ayatam  and 
earaballum,  in  partieulari  ataxia,  dyaar- 
thrla  and  nyatagaiua.  Caroballar  atrophy 
nay  fellow  larger  evardoaaga.  It  nay 
tharafora  ba  that  in  tha  tharapautle  data 
range  tha  earaballum  it  prafarantlally 
aanaltlva  to  tha  naurepharmaeolegioal 
affaeta  of  phanytoin.  At  tha  praaant  time, 
howavar,  Ita  uta  in  motion  tloknaaa  pro- 
phylaxla  ramalna  axparlmental . 

Root  ginger  haa  long  bean  uaad  In  oriental 
traditional  madiolna  at  a  remedy  for 
nauaaa  and  vomiting,  one  laboratory  atudy 
(Kowray  t  Clayaen  1383)  hat  found  powdarad 
ginger  root  to  ba  of  prephylaetie  banafit 
in  motion  aleknaaa ■  Two  further  laboratory 
atudlaa  (itott  at  al.  Ifg4,  Wood  1880) 
that  Uaad  an  and  point  of  nodarata  nauaaa 
failed  to  ahew  any  Incirataa  in  telaraneo 
to  eroat-eouplod  atlmuli.  Hewavar,  further 
avldaneo  of  a  banafiolel  affaet  eemot  from 
a  eentrollad  trial  at  tea  (Ordntvad  at  al. 
1811)  in  whleh  80  naval  eadata  ware  given 
oithar  ig  powdered  ginger  root  or  plaeabe, 
and  ware  aakad  to  aeero  the  aymptoma  of 

Sauaaa,  vartige,  vomiting,  and  cold  awaat- 
ng,  ovary  hour  for  the  next  four  heura. 
Tha  number  of  individual a  who  reported  no 
motion  aleknaaa  aymptoma  waa  agually 
divided  batwaan  tha  two  greupa.  Aaeng  tha 
eit  of  aubjeeta  with  aymptoma  of  aoaalek- 
naaa  there  waa  no  algnlfleant  dlfferaaca 
batwaan  glngar  and  plaeabe  far  the  lymp- 


who  voml.tad  In  tha  plaeabe  group  fiva 
vomited  two  or  more  tlmai,  wharoaa  tha 
five  aubiaota  who  vomited  after  taking 
glngar  did  to  only  onoa.  Whan  vomiting 
powdarad  glngar,  parhapi  onoa  la  quite 
anoughi  Thaaa  flndlnga  are  oenalitant  with 
the  view  that  glngar  may  act  loaally  to 
amalletato  the  gaatro-lntaatlnal  eonaa- 

?uanaoa  of  metlen  aloknaai  without  altar- 
ng  tha  underlying  auieoptlblllty. 


Aavlawa  of  the  varlaua  dietary  maaauraa 
propeaed  In  the  traatmant  of  motion  alek- 
noaa  make  amualng  reading  (Raaaen  a  brand 
1878),  but  their  divaralty  li  aoma  indioa- 
tlen  of  thalr  laek  of  value.  Ho  affaot  on 
tha  Ineldanoa  of  motion  aleknaat  hai  bean 
found  in  relation  to  time  of  day  or  the 
time  of  maali  (Manning  a  ftawart  1848). 
it  la  generally  agrtad  that  vomiting  la 
loaa  unpltaaant  whan  tha  itomaeh  oonealna 
•omathing  to  vomit  and  that  laek  of  feed 
ean  itaalt  be  dltpiriting.  Iqually,  it 
would  aaam  tanilbla  to  avoid  dietary 
axoaiaea. 

Metlen  aiek  airoraw.havm  ebtarvad  that 
thalr  ■uaeaptlbility  to  aireieknata  it 
Ineraaaad  by  even  modareta  ameuntt  of 
aloehol  in  the  prtvleua  34  houri,  and  thie 
affaot  of  aloehol  hat  alto  bean  obearvad 
on  tolaranea  to  oreai-eouplad  itimulatlon 
during  daienaltleation  traatmant  (bagihaw 
I  Itott  1111).  Tor  theia  taking  antl- 
motli'n  aloknaai  druga,  tha  Inatruetlona  on 
tha  paekat  warn  agalnit  the  eenaumption  of 
aleahel  on  aeeount  of  Ineraaiad  ladatlen. 


bona  el  aiuata  or  vartige.  Howavet,  the 
frimaney  el  vomiting  om  thn  neverity  of 
eeld  tweatiug  were  aignifioantly  reduead 
in  tha  ginger  group,  of  tha  aoven  eubjoeta 


Per  many  Indivlduala  whoaa  expoaura  to 
prevoeetiva  metlen  li  infrequent,  advice 
on  how  to  minimiaa  the  atlmulut  of  notion 
lieknaaa  coupled  with  the  uaa  of  an  appro¬ 
priate  prephylaetio  drug  offara  the  bait 
ohanea  of  avoiding  tha  eonditien.  *or 
othara,  aueh  aa  waak-and  aallora  and  thoia 
who  fly  for  plaaaura  In  light  airorift  or 
glidara,  repeated  uia  of  druga  may  ba 
undaairabla  or,  in  tha  otaa  of  aole  fly¬ 
ing,  prohibited.  Though  rapaatod  expoaura 
should  lead  to  adaptation,  tha  fraguanoy 
of  expoaura  to  tha  preveoetiva  motion  ia 
eftan  Inaufflelant  to  promote  an  adaguata 
degree  of  adaptation. 

Often  tha  dispiriting  affaet  of  repeatedly 
baeemlng  motion  liek  during  what  would 
etharwlaa  ba  a  ohallanging  and  plaaaurnbla 
laisura  aetlvlty,  lands  an  inoividual  to 
taka  up  golf,  bird  watehing,  or  aoma  other 
padaatrian  intarsat.  iafora  eeneurring 
with  this  eourns  of  aotien,  tha  advies, 
for  example ,  to  a  metlen  ilek  gliding 
atudsat  might  ba  to  undertake  a  mere 
oontlnuoui  period  of  training  in  whioh  tha 
intanaity  or  duration  of  preveoatlen  could 
ha  graded,  it  eeuld  ba  antlelpatad  that 
having  onea  gained  seme  dagraa  of  ddapba- 
tien,  its  rs-aequiiitlen  after  an  iaiarvii 
avay  from  tha  atlmulua  might  ba  a  mere 
eeselaratad  preseai. 

Permal  daasnaitlaatlon  traatmant,  on 
aeeount  of  ita  eoat  and  the  amount  of  tlms 
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Involvad,  wauld  not  ba  juablflad  for  thli 
qroup  of  IndlvlduilBi  It  li  hewavar  petal- 
bla  that  a  •alt-adnlnlatarad  greund-btiad 
daianaltlaatlon  eeuraa  night  otfar  aoma 
dagraa  of  pra-adaptatlen  to  aomaona  par¬ 
ticularly  anthuaiaaClo  to  auooaadi  it  la 
alnpla  to  ganarata  a  eroia-eeuplad  atinu- 
lua  ualng  a  rotating  a(<iaa  chair  kapt  in 
ooatinueui  notied  with  tha  faatt  tha 
occupant  making  roll  or  pitch  head  mova- 
manta.  Hewavar >  retaticnal  valeeity  la 
poorly  oontcoliad  by  thia  method  and  it  ia 
net  ditfieult  for  a  luaoaptibla  individual 
to  make  himaalt  rapidly  unwall,  knethar 
readily  availabla  daviea  ia  a  eonvantlonal 
awing.  Thia  dovlea  ettcra  two  typaa  of 
aanaory  conflict,  both  of  which  are  faa- 
turai  of  aviation.  Tlkora  ia  an  altarnat- 
Ing  aecalaratien  atlmulua  that  haa  both 
vortical  and  hcriiental  oempohantt,  whoaa 
fraquoncy  of  oacillation  can,  by  appropri¬ 
ate  choice  of  rope  length,  ba  brought  into 
tha  nauaaoganie  range  (4m  for  0.2t  Ha, 
2. asm  for  O.Sl  Ha),  in  addition,  baoauaa 
in  a  fraaly  awinging  pendulum  tha  raault- 
ant  ferea  vactor  ia  alwaya  aligned  with 
tha  rope,  the  aubjaot  axpariancaa  tha 
alternating  angular  rotation  atlmulua 
without  a  cerraapendlng  change  in  tha 
diraction  of  tha  raeultant  vector,  tha 
aama  cenfllct  that  ia  angandarad  by  co¬ 
ordinated  turna  in  aircraft.  To  render  the 
awing  atlmulua  comparabla  to  that  in  the 
air,  tha  aubjact  would  raquira  to  alt 
aidawaya  ao  that  angular  oacillation  of 
tha  awing  would  act  in  roll  rarthar  than 
in  pitch. 

A  further  daviea  (Aarotrlm'*),  found  in 
aoma  aporta  cantroa,  eonaiata  of  thraa 
coneontrle  metal  ringa,  tha  outer  one 
fixed  to  tha  ground,  tha  inner  two  ringa 
free  to  rotate  about  axaa  at  right  angler 
to  aaeh  ether,  with  tha  innarmeat  ring, 
about  2m  in  diamotar,  configured  to  carry 
a  atanding  aubjact.  by  approprlata  move¬ 
ment  of  hia  body,  tha  aubjaot  who  ia 
tatharad  by  tha  foot  and  raatrainad  by  a 
metal  hoop  at  waiat  level,  can  rotate 
about  two  axaa  aimultanacualy.  Tha  nau- 
Booganicity  of  thia  daviea  la  not  aavora, 
but  probably  darlvaa  from  ita  oapaolty  to 
produce  ercaa-ceupling  of  a  aomawhat 
unoontrollad  nature,  and  unfamiliar 
ohangnii  in  tha  dynamic  force  environment. 

It  haa  to  ba  admittad  that  nona  of  thaaa 
axpadianta  daiignad  to  promota  adaptation 
haa  raeaivad  axparimantal  validation,  in 
foot,  in  a  controlled  atudy,  rapaatad 
axpocura  to  awlnga  uaad  in  tha  eonvantien- 
al  faahien  failed  to  protaot  againat 
airaicknaaa  (aibion  at  al.  1943). 


Tha 
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mu  of  aatabliahad  aotlon-ln- 
.no. 


Once  indlvlduala  have  roachad  the  ataga  of 
vomiting,  druga  ora  laaa  affective  and 
have  to  ba  given  parantarally  and  in 
higher  doaaga.  Ivan  in  tha  parled  of 
malaiaa  that  proeadoa  vomiting  thera  iw  a 
marked  delay  in  gaatrie  emptying  time 
(Nood  at  al  ItiT)  and  the  abaerptien  of 
orej'ly  |itoinietared  druga  will  tnerefore 

Having  vomited,  there  ia  ottan  a  trmperary 


improvamant  in  well-being,  but  with  oon- 
tinuad  atlmulua  malaiaa  weraana  and  vomit¬ 
ing  raeura.  Soma  Individuala  may  becema 
totally  proatratad  and  appear  vary  ill. 
Mhan  thia  oooura  aboard  anip,  auffarara 
ahould  bo  moved  to  tha  part  of  tha  chip 
where  tha  proveeativa  motion  la  at  a 
minimum,  and  ahould  lie  down.  Adequate 
fluid  intake  la  not  poarlbla  until  vomit¬ 
ing  haa  atoppad,  and  to  thia  end  anti- 
motion  alckneaa  druga  may  ba  required  by 
Injecticn.  lavara  motion  aicknaai  ia 
frequent  aboard  life  rafta  in  rough  aaaa 
and  could  be  a  ai.gnlfioant  factor  affect¬ 
ing  aurvival.  Although  druga  givan  orally 
are  of  no  value,  buccal  abaorption  of 
hyoaeine,  adminiatared  aa  the  proprietary 
dieperaibla  form  (Rwalla),  her  been  ahewn 
to  ba  aa  affaotlva  aa  ganario  hyoaeine 
tablata  adminiatared  orally  (Qolding  at  al 
1991).  An  affaotlva  blood  level  can  ba 
obtained  within  20  minutaa. 

The  tranaoutanaoua  route  of  adminiatration 
ia  of  no  immadiata  value  in  individuala 
already  auffering  aymptema  of  motion  alck- 
neaa  on  aeceunc  of  the  (-9  hour  time 
interval  before  tharapautlc  levela  of  the 
drug  are.  raaohadi  To  achieve  a  mere  rapid 
onaat  of  aetivity  druga  muat  ba  given  by 
injootlon.  In  an  unoontrollad  caaa  otudy 
of  alralaknaaa  in  47  Individuala  who 
undertook  rapaatad  flighta  involving 
parabolic  maneauvraa,  the  IntramuacuJar 
adminiatration  of  diphenhydramine  SOmg, 

gromethaiine  3lmg  anct  90mg,  and  hyoaeine 
.Img  were  oomparad  for  tnalr  bonafioial 
offocta  on  raveralng  aevara  aymptema  of 
nauaea  (Oraybiel  t  taeknar  1997) .  loth 
hyoaeine  o.tmg  and  premathaiine  fOmg 
ahowed  beneficial  effeeta  in  72  and  78%  of 
aubjeeta  raapeetlvaly,  whereaa  little  or 
no  banoflt  war  obtained  from  tha  lower 
deaa  of  promathaaina  or  from  diphanhydra- 
mlna.  Tha  tharapautlc  afficaey  of  hyoa¬ 
eine  whan  given  intremuaeularly  ia  about  s 
timea  that  of  tha  aama  deaa  given  orally 
(Mirakhur  1979).  Thia  diffarenea  la  a 
conaaquonca  of  the  flrat-paaa  matabellam 
of  orally  adminiatared  hyoaeine  in  tha 
liver.  Thua  O.amg  hyoaeine  given  intra- 
muaoularly  would  bo  equivalent  to  about 
five  timea  the  atandard  oral  doae.  fueh  a 
deaa  rune  the  riak  of  toxic  aide  affeeta. 
for  thia  raaaon  tha  intramuacular  tnjac- 
tien  of  prnmathaaina  90mg  ia  to  ba  pre¬ 
ferred  aa  the  treatment  for  aatabliahad 
nauaea  and  vomiting  due  to  motion  aiok- 
naaa. 


The  traatmante  nf  ■.ntioH  aloknaaa  in  tha 
armed  aarvleaa 

Tha  military  doctor, parhapa  mera  than  hia 
civilian  counterpart,  hoc  to  balance  tha 
loaa  of  oparotienal  effaetivenaaa  produced 
by  motion  .,icknaaB  with  the  poaalbla 
detriMntel  affect  on  performance  from  tha 
aide  effeeta  of  druga,  and,  if  neither 
alternative  la  aoeeptabla,  to  eonaidar  tha 
need  to  auapend  or  re-rola  atf acted  indi¬ 
viduala. 

Motion  aloknaaa  may  hav'  aignifieant 
aconMlo  eenaequancaa  when  it  contrlbutea 
to  the  failure  r«te  in  an  expaniive  train¬ 
ing  programme,  one  eolation  might  ba  to 
develop  aoma  laiection  teat  to  eliminate 
there  individuala  likely  tc  ..nceunter 
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pcoblamt  with  notion  iloknait  lavora 
■nough  to  roiult  in  withdrawal  tron  train¬ 
ing.  K  algnltloant  oorralatlon  (r>.4l)  hat 
batn  ahewn  batwaan  fillura  In  flying 
training  and  obHaotlvaly  ratad  telaranoa 
to  a  aaquanea  of  lO  haad  novananta  whlla 
rotating  at  96  dog.t'*  (Amblar  a  ouadry 
lt68).  For  praotloal  ourpoaaa^  howavar, 
au«h  a  toat  laoka  tufflelant  lalaotivlty. 
An  altarnatlva  might  bo  to  allmlnata 
alreraw  who  ara  alralek  during  tha  intro- 
duotory  aertlaa  of  training.  Thla  approaeh 
falla  to  t.'ika  aeoount  of  tha  natural 
adaptlva  prodoat.  On  tha  othar  hand,  it 
may  ragulra  30-10  aertlaa  bafora  apenta- 
naeuB  adaptation  ean  ba  judged  to  have 
failed,  by  whieh  tint,  given  tha  eott  of 
flying  heura,  a  eentldarabla  Invaatmant 
haa  bean  made  In  tha  Individual.  The 
praelaa  polloy  adopted  depanda  on  the 
availability  of  aultabla  applieanta  for 
tha  training  pregranma  and  en  finanelal 
raaeuroaa.  leeauta  of  tha  high  '■oat  of 
training,  a  good  data  oan  ba  made  for 
aatabllanlng  aena  form  of  traatnant  pre- 
granne  for  airtloknaai.  varloua  nehamaa 
hava  baan  daaerlbad  (Dowd  1*73,  Dobla 
1*74,  Orablal  I  Xnapten  1*71,  Lavy  at  al. 
1*11,  Kammlar  1**1,  Careala  1*11,  Ollaa  a 
Leehrldga  1**8,  lagahtw  a  itett  1**1).  Ml 
involve  adaptation  to  greund-btaad  motion 
ttlnull  that  are  nauaaoganle.  iema  uaa 
biofaedbaek  and  ralaxatlon  teehniguaa. 
They  vary  in  the  aictant  to  whloh  ramedlai 
flying  la  Inoerporatad  Into  tha  programna. 
Datallad  oempariaon  of  rotultt  la  sompll- 
uttod  by  differing  oritaria  of  aueoaaa, 
but  It  la  potaibla  to  raduoa  by  *0  to  lot 
the  number  of  trainaa  alreraw  who  would 
otherwiaa  ba  alinlnatad  from  training  on 
aeoount  of  paraiatant  alralekneaa. 
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Avial  Space  Environ  Med  J8  (9  Pt  2)  Sep  1 987, 
PPA22-8 


Effects  of  prnpttsed  prentght  adapintlt>ii  training  on  eye 
muveinenis,  leli-molion  percepllun,  and  inoikin 
ilckneas:  a  progress  report.  |Engllsh| 

Parker  DE,  Reschke  Mf,  vnn  Olerke  HE,  Lcssard  CS 
(Space  Biomedical  Rescaruli  liistltulo,  Johnson  Space 
Center,  Houalon,  TX  77058,) 

Avial  S/me  Environ  Med  2fl  (9  Ft  2)  Sep  1987, 
ppA42-9 


(Discrete  adHptalloii  to  cimdllhins  of  sensory  cunniclj 
Dlskretnala  adapinislla  k  usiovllam  sensornngo 
kunllikla.  |Ru>ilan| 

PoHukov  Bl 

A'cwmi  Biol  Avlakimi  Med  H  (5)  Scp-Ocl  1987,  pp82-6 


Adaplallon  to  telescopic  spndaelrs:  vcsllhnln-ocular 
relirs  plaslk'lty.  |English| 

Demcr  JL.  Porter  PI,  Ooldbcrg  J,  Jcnklna  HA, 
Schmidt  K  (Jules  Stein  Eye  Institute,  Univcrsily  nl' 
California,  Los  Angeles  90024.) 

Inve,sl  Ophihalinol  Vis  Scl  2S  (l)Jan  1989,  ppl59-70 


AdapUtkm  to  vectkin-liiduced  lymptomi  of  million 
sickness,  |Englisli| 

Stem  RM,  Hu  8(}.  Vasey  MW,  Koeli  KL  (Dupartment 
of  Payeholngy,  Pennsylvania  Stale  Unlvcrally, 
University  Park,  PA  16802.1 
Avkil  Space  Environ  Med  fifl  (6)  Jun  19B9,  pp366'72 


Vestibular  habituation  in  student  plktU.  (Englislil 
Sehwan  U,  Henn  V  (Department  of  Neurology, 
University  Itoiplial,  Zurich,  Swilxerland.) 

Avial  Space  Environ  Med  fifl  (8)  Aug  1989,  pp753-61 


Motion  liekncw-VMlIbuht  hibltunlkm  with  the 
ccntrifuin,  iBngUih] 

Net  0,  Swiit  JO,  vin  der  Luii  PL  (Doptrtmcni  nf 
0larhtno|at7njn)lngy,  Unlvenily  of  Prelum.) 

S  Mta  J  n  (1)  Apr  7  1990,  pp363-4 

<!i>n«r«lltntian  of  tnlernnce  to  inalkiii  mvirnnnionla. 


bohic  TO,  May  JO  (Naval  Blodynattliua  Laliuratury, 
New  Oricani,  LA  70189.) 

Aylai  Space  Environ  Med  gi  (8)  Aug  1990,  pp707>l  I 


KrrccU  of  •nll-<hulln«rglc  and  chollnurglc  drugi  on 
htblluallon  to  motion  In  rnli.  (BnailiHI 


htblluallon  to  motion  in  rnli.  (BngiliHI 
Morlla  M,  Takoda  N,  Haaogawa  S,  Yaiiiatodani  A, 
Wada  Hi  Sakai  Si  Kubo  T,  Malaunaga  T  (Department 
of  Otolaryngology,  Oaaka  Unlveralty  Sehool  of 
Medicine,  Japan.) 

Acia  Ololuryngol  fStuckh)  iXJ  (3-4)  Scp-Oct  1990, 
ppl96-202 


(Vt'allhular  caHmlnnlloii  of  iiiiitlon  alek  altidcnt  plinta] 
[In  Dtlleli;  Eiigllah  Sununaryl 
Blei,  W.  (Inatllule  for  Perception  KVO-TNO, 
Socaterberg  (Nelherlandt).) 

IZF-im-12;  TD-I19-OS3I;  ETN-SD  USWI 


(Mnikm  akkttMa  In  thf  arroapaeo  envlronnient]  Le 
malutlle  da  movlniunto  In  ainhienie  ueroapa/lnle. 
tltallan,  Engllili| 

RuUindo  a 

Minerva  Med  1H19)  Oct  15  1987,  ppl4e9-76 


Vntlbular  hahitiiatlan  In  iludoni  plhita,  [Bngllahl 
Schwarr  U,  Honn  V  (DepaKinent  of  Neurology, 
Unlveralty  Htiipital,  Zurich,  Swllaerlund.) 

Avial  Space  Environ  Medf^  (8)  Aug  1989,  pp755-6t 


IneldMCc  of  airiicknMi  among  inllltary  pirachulUla. 
[Bngllihl 

Antunano  MJ,  Hernandez  JM  (Wright  Stale  Unlveralty 
Sehool  ol  Medicine,  Departmenl  of  Community 
Medicine,  DnWon,  OH  43401-0927.) 

Avial  Space  Environ  Med  ^  (8)  Aug  1989,  pp792-7 


Change  In  functional  acilvlty  of  cortical  brain  atructurci 
and  their  blood  aiipply  in  alert  rabblta  In  rMponic 
to  rocking  IBngllih  Tranalationl 
Makalmuk,  V.  P.  ,  Skoromnyy,  N.  A.  (Joint 
Pubileatlona  Reaeareh  Service,  Arlington,  VA.) 
m-l29l6/S/XAB  S  Aug  17,  Ip 


tPharmaculogIcal  Induction  of  moibn  aIcknMi  In  the 
RhMUi  monkey.  (Preliminary  Stiidlca)]  Induction 
pharmaeologique  Hu  ayndrome  emetiquo  ehez  le 
maeaoUD  Rheaui  (Elude  Prellmbalre)  (Prenohl 
Bouillon,  J,  N.  ,  Milhaud.  C,  ,  Lagarde,  D.  , 
Plorenee,  0,  (Centre  d'Btudaa  el  de  Rechcrchoa  de 
Medcclne  Aeroipatialo,  Paria  (Prance).  DIv.  do 
Neurophyiloiogla  Appllquee.)  CBRMA-B8/12 
m9-2i077?/XAB  Aug  88,  83p 


Congrully  of  rotaibnal  and  pharmarolnglcal  laate 
averabn  (TA)  condltbnlng  within  atralni  of 
aelfctlvely  bred  TA  prone  and  TA  realatant  rata. 
IBnuliahl 

Rlklni,  Ralph  L  ,  Waltcra,  Paul  A.,  Harrlioti, 
William  R.,  Albrecht,  William  (VeteranN 

Admlnlalritlinn  Medical  Cir,  Auguata,  OA,  US) 
Learning  S  Mollvallon  2JL  (2)  1990,  ppl90-198 

Ihialalliuulalnry  innllon  ilckneai,  A  icarch  fur  relmiind 
aickneaa  In  aqulrrel  monkeva  folbwlng  cunlliiuoiii 
horlaonlal  rotatbn  lEngllali] 

Oallngher  J,  Wllpizcikl  C,  Lowry  L  D,  Sheppard  L 
(Thoinai  Jefferaon  Univ,  Med,  Coll,,  Philadelphia,  Pa 
19107.) 

Annual  Sclenllflc  Meeting  qf  the  Aerospace  Medical 
AssucIuIIom,  Lai  Vegas,  Nevada,  VSA,  May  10-Id, 
im.  Avial  Space  Environ  Med  2fi  (5)  1987,  492 

Protective  effect  of  iiiine  peplldn  agalnat  iiiollun 
alekneaa  In  antmuU  IRuialan] 

Ytinelaov  V  V,  Drozd  Yu  V,  Shaahkuv  V  S,  Bragin 
B  0,  Popkova  E  V,  Vablihehevleh  A  V 
Kosmicheskaya  Blologlya  I  Aviakiumicheskaya 
Medlisina  2H2)  1988,72-73 


Slnuaoldal  vertbal  linear  acceleratbn  and  mutbn 
aickneoi  In  aqulrrel  monlteyi  (Bngtlih) 

WilnIzeakI  C  R,  Lowry  L  D,  Thoinpinn  P  B  (Dep. 
Otolaryngol.,  Jefferaon  Med.  Coll.,  Philadelphia.  Pa. 
19107.) 

Annual  ScieniUlc  Meeting  nf  the  Aerospace  Medical 
Association,  New  Orleans,  Louisiana ,  USA,  May  8-/2, 
7988.  Avial  Space  Enviros  Med  (5)  1988,  468 


Kffeet  of  macular  ahlatbn  on  freuiicncy  and  latency  uf 
iiiutbn-Indiicrd  cmeala  In  the  aqulrrel  monkey 

Kah) 

le,  Kenneth  R.>  Igaraihl,  Makrto  (Tulane  UnIv., 
Covington,  La.) 

Aviation,  Space,  and  Snvironinenial  Medicine  (ISSN 
0O9S-»562),  vol,  37,  Nov  me,  p,  1066-1070, 


t  and  latency  uf 


Motbn  sickneii  In  Suucus-murinui  a  new  raperlinenlal 
animal  lEngliahl 

Mauuki  N,  Ueno  S,  Ka|l  T.  Salto  H  (Dep.  Cheni. 
Phamtaeul.,  Pae.  Pharmaeout.  Sel,,  Univ.  Tokyo, 
Tokyo  113,  Japan.) 

lElh  Annual  Meeting  qf  ihe  Society  for  Neuroscience, 
Toronto,  Ontario,  Canada,  November  IS-IS,  1966. 
Soc  NeuroscI  Absir  H  (1)  1988,  334 


Veaiihular-vlaual  confllcl  In  pilch  and  yaw  plunea  In  the 
aqulrrel  monkey  |BngUih| 

Igaraihl,  Makolo,  Kulocz,  Waller  B.,  Kohayaalil, 
Kaziiloyo,  laago,  HIdemiliu  (Baylor  Coll.  ofMediebe, 
Houilon,  Tex.) 

Avialhn,  Space,  and  Environmental  Medicine  (ISSN 
0095-6562),  vol.  57,  Nov.  me,  p.  1071-1074. 


Hole  of  hlatamlne  In  moibn  ibkncai  of  Suncus-murlnus 


Malaukl  N.  Ka)l  T,  Ueno  S,  Salto  H  (Dep.  Chem. 
Pharmacol.,  Pie,  Pharmaeaulical  Sel.,  Univ.  Tokyo, 
Tokyo  113,  Jpn.) 

Annual  Sclenllflc  Meeting  qf  the  Aerospace  Medical 
Assoclallan,  Washington,  D.C,  USA,  May  7-11, 1999. 
Avitu  Space  Environ  Med  ^  (3)  1989,  492 


Conditioned  moibn  iblincM  and  rolatbn-lndueed 
vomltlni  In  iqulrrcl  inonlte)ii  [Engllih] 

WilplMikl  C  R,  Lowry  L  D  (DeOi  OtolBryngol., 
ThommJerrer«onUnlv. I  Philadelphia,  Pa,  19107.) 
Annual  ScItniUlc  Muting  of  tht  Aerotpact  Mtdical 
Asaoclalhn,  Wathlntion,  D.C.,  USA,  Mm  7-II,  land. 
Avial  Spact  Environ  Mtd  fiQ  (5)  1999,  305 


Pharmacobgbal  control  of  ipue  ilekneu  value  and 
Umita  of  the  rhciua  model  MaeMa*fn<i(iMa JEngllahj 
Milhaud  C  L,  Lagirda  D  P,  Florence  0,  Tran  C  C 
(Cent.  Btudea,  7S7M  Parii  Cedex  13,  Pr.) 

6lal  Annual  Svlrnllfli!  Muting  qf  llu  Atroapact 
Mtdieal  Asaaclalion,  Ntw  Orltana,  Loulalana,  USA, 
May  13-17,  1990,  AvIai  Spact  Environ  Mid  (3) 
1990,  304 


Brain  bbgenb  amtnea  and  metabolltee  In  rata  expoicd 
to  eroaa>coupled  motbn  during  the  dark  phaae  of  a 
IlghMark  cycle  [Bngllah) 

Owiaoyo  J  0,  Tel  B  B,  Llcktelg  D  L,  Newport  0, 
Walkor  C  A  (Unlv,  Arkanaai  at  Pina  Bluff,  Kne  Bluff, 
Arkaniaa,  USA.) 

Xlxlh  Inlirnatlonal  CoitArenee  qf  Ihi  Intirnatlonal 
Soclityjbr  ChronobloUigy,  Bithiada,  Maryland,  USA, 
JunilO-24,  1989,  Chronoblologla  ita)  1919,  167 


Motbn  alckneaa  b  gulnea-piga.  Learned  food  averabn 
(LPA)  Inducetf  by  tm^uaotdal  linear  vertbal 
dlspbeement  IBngllah) 

LI  0,  Wllplteakl  C  R,  Lowry  L  D  (Dep.  Otolaryngol,, 
iefferaon  Med.  Coll.,  Philadelphia,  Pa.  19107.) 

6ISI  Annual  Selinil/lc  Muting  qf  tht  Airoapaet 
Mldlcal  Aiioelallon,  Niw  Orliani,  Loutilana,  USA, 
May  t3-l7,  1990.  Avial  Spact  Environ  Mid  Si  (3) 
1990,  306 


Analgeab  and  beta  endorphin  (RE)  reaponaca  to 
mfllbn>abkncaa  In  monoaodlum  glutamate>trcated 
rata  tBngllahl 

goalie!  A  C,  Wilaon  S,  Rountree  R  L,  Henry  W  >r, 
Andrewi  A,  Mralker  C  A  (Natl.  Cent.  Toxicol.  Rea., 
Jofferaon,  Arlxona  72079-9302.) 

I9ih  Annual  Muting  of  thi  Soclity  for  Niuroaclinci, 
Ehainix,  Arltona,  UsA,  Oclahir  29-NaviiHbtr  3, 
1989.  Soc  Nturoacl  Ahsir  ij  (1)  I9g9,  316 


The  gaatrointealbal  correlalea  of  motbn  tbkneat  In  the 
eat  (Bngllahl 

Lang  I  M,  gteenarud  M,  Santa  S  K  (Dep.  .9urg. 
Phyelol.,  Med.  Coll.  Wla.,  Zablockl  Vamc. 
Milwaukee,  Wla.  33293.) 

19th  .innual  Muling  qfihi  Soclity  for  Niuroaclinci, 
fhoinix,  drieona,  USA,  Oclohir  i9-Novimhir  3, 
1989.  Soc  Niuro.acl  Ahal  ii  (1)  1969,  900 


Effeeii  of  varbua  typea  of  antlhlatainlnea  and  Inhibibra 
of  blalaminc  releaae  on  nialba-lnduced  emeala  of 
Suncua-murlnua  (Bngtlih) 

Kqjl  T,  Mataukl  N,  Salto  H  (Dep.  Chem.  Pharmacol., 
Pac.  Pliarmaocutlcal  Scl.,  Unlv.  Tokyo,  Tokyo  113, 

a3r<i  Annual  Muting  qfthiJapaniai  Hiarmacok/glcal 
Society,  Tokyo,  Japan,  March  2S-38,  1990.  Jpn  J 
Pfiamiocof  22  (Suppl.  1)  1990,  pl94p 


A  i'.it  model  for  rcaearch  of  emeala  and  motbn  abkneaa 
fEngllahl 

Takeda  N,  Morlta  M,  Haaegawa  S,  Yamatodanl  A, 
Kiibo  T,  Wada  H,  Malaunaga  T  (Den.  Ololaryngol., 
Oauka  Unlv,  Med.  Sch.,  Oaaka  333,  Jpn.) 

63rd  Annual  Muling  qf  ihi  Japani.ai  Pharinaiologlcal 
Soclity,  Tokyo,  Japan,  March  2S  '28,  1990.  Jpn  J 
Pliortncicof  22  (Suppl.  1)  I9V0,  p260p 


Ahaenre  of  poatatlmulatory  motbn  alckneea  land 
tbkneat  In  monkeyt  foibwbg  24-liaurt  of 
provocative  rotatbn  (Bngllahl 
Wllplzetki  C  R,  Lowry  L  D,  LI  0,  Hegarty  J  L 
(Jelferaon  Med.  Cull.,  Philadelphia,  Pa.  19107.) 

6ht  Annual  ScliHt\fle  Muling  qf  Ihi  Airaapaci 
Mldlcal  A.a30ciallan,  Niw  Orllana,  Louialana,  USA, 
May  13-17,  1990,  Avial  Spaci  Environ  Mid  21  (3) 
1490,  4B9 


A  muttbuhjcct  rotntbnni  tllmulabr  for  taate-nvrribn 
Induction  (Engllahl 

Harriann  W  R,  Elkina  R  L  (Paychol.  Rea.  116-Bu, 
Veterana  Adm.  Med.  Cent.,  Auuuata,  Da.  30910.) 
aulliiln  tf  ihi  Paychonomic  Soclity  22  (3)  1967, 

2I3'215 


Hu-24969»lnduced  emeala  b  (he  cat  S-IIT-I  allt'  othrr 
than  S-IIT-IA  S-IIT-IB  or  3-IIT-lC  Implicated 

|Bn|llth| 

LucotJ  Q  (Dep,  Pharmacol.,  Wright  Stale  Unlv.,  060 
Pawe,  Dayton,  Ohio  43435,  USA.) 

Buropian  Journal  qf  Pharmacology  IfiQ  (2-3)  1990, 
193-200 


Effeota  of  terobnhi  antagonlala  on  motbn  akkneaa  and 
1(1  anpprraibn  by  8  hydroxy-DPAT  In  calx  [Bngllahl 
Lucoi  /  B  (Wright  Slate  Unlv.,  Dep,  Pharmacol,,  060 
Pawe,  Dayion,  Ohio  43433.) 

Pharmacology  Blocliimlslry  and  Bihavlnr22(2)  1990, 
263-266 


Caleeholambrrgb  rtaponaca  to  rotatbnal  atrraa  In  rat 
brain  atemi  TinpIbatbna  for  amphetamine  therapy 
of  motbn  ibkneta  [English) 

Takeda  N.,  Morila  M.,  Yamatodanl  A.,  Wada  H., 
Malaunaga  T.  (lapan) 

dv(ar,  Spaci  Environ.  Mid,  JLld  I)  1990,  ppIoiB-1021 


A  two-factor  modri  of  rotalbn-lnduced  muibn  abkntaa 
ayndrome  In  iqiilrrel  nionkeyi,  (Bngllahl 
Wilplxcaki  CR,  Lowry  LD 
Am  J  Olularyngol  g  (l)Jan-Fcb  1967,  pp7-12 


Autonoiub  effecU  on  K-K  varbtbna  oi'  the  heart  rale 
in  the  aqulrrel  monkeyt  nn  bdbetor  of  anbnoiiik' 
imbabnee  In  ronflbt  ibkneta.  (Engllah) 
lahll  M.  Igaraihl  M,  Patel  S,  Hlml  T,  Kulecx  W 
AmJ  Olohryngoli  (3)Miy-)un  1987,  ppl44  6 


Bttaplroite  blocka  motbn  abknew  and  xybxine-bduced 
emeala  b  the  eat.  lEnuliah) 

Lueot  JB,  Crampton  QH  (Depaitment  of  Pharmacology 
and  Toxicology,  Wright  SUito  Unlvcritiy  >  Dayton,  Ohio 
45435 . ) 

Avial  Splice  Environ  Med  22  (lO)Oct  1967,  pp989-91 


H-5 


ViioproMln  and  motion  iIcknMi  In  call.  (Bngllihl 
roa  RA|  K«U  LC,  Dtunton  NO,  Cnmpton  OH,  Lucot 
1  (D(pirtm«nt  or  Piyoholagy,  Sin  Joie  Still  Unlv,, 
CA  93192.) 

Avita  toflw  MHvIran  Utd  U  (9  Pi  2)Sep  19g7, 
PPA143-7 

Role  of  ololllh  MdonaM  la  the  geocili  of 
VMltbulaMliual  tondict  ikkneii  (pitch)  In  the 
iqulrrd  monkey  (lint  report).  IBty|Uih| 
tginihi  M,  Hlml  T.  KUlm  W,  Kobiyiihl  K 
(Depirtmint  of  Oiorhlnoliryngotogy  end 
Coitimunleltlvo  Solencu,  Biylor  College  of  Medicine, 
Houilon,  Teaai  77030.) 

Avlal  Spact  Environ  Mtd  U  It  2)Sep  1987, 
ppA207ill 

. tn  and  habituation  of  motlon.Induecd  vomiting 

Eiitrrel  monkeyi.  (Bngllihl 

tetkl  CR,  Lowry  LD,  Miller  RA,  Smith  BD  St, 
Ooldmin  W  (Dopirtment  of  Otoliryngology,  Thotnii 
Jeffirion  Univerilty  Medical  College,  Phllidelphia, 
Penniyiviiili  19107.) 

Avlal  Spact  Environ  Uni  U  (9  Pt  2)Sep  1987, 
ppA22-8 

Suhlcetlvo  concomllantf  of  motion  ilcknmi  quantifying 
rolatlon>liiduced  Ulneu  In  iquirrel  monkeyi. 


Wllpluikl  CR,  Lowry  LD,  Orein  SJ,  Smith  BD  Jr, 
Melnlok  H  (DepiRmint  of  Otoliryngology,  Thomai 
Jefferton  Univenlty  Midleil  College,  Phllidelphli,  PA 
19107.) 

Ololaiyngal  Htad  Ntck  Surg  22  (S)Nov  1987, 
fpAii-AQ 

Suncui  murtniis  ai  a  new  experimental  model  for 
motion  ikikneM.  (Bngllih)  ,  ,  , 

Ueno  S,  Mitiukl  N,  Silto  H  (Depaitment  of  Chemical 
Pharmieology,  Pioully  of  Pharmicetillcil  Soloncce, 
Unlvcmlty  of  Tokyo,  Jnpan.) 

L(/lp  Scl  da  (fl)  l*l*>  PPdH-IO 

Plea  ai  an  Inden  of  motion  ilckneii  in  rati.  [Bngllihl 
Morlti  M,  Tikeda  N,  Kubo  T,  Mitiunigi  T 
(bepirtment  of  OtaUrynvilagy,  Oiakt  Univenlty 
School  of  Medicine,  JipenT) 

Orl  J  Otorhinoiaryngoi  Rilal  Sptc  2S  (3)  IPhk, 
PP188-92 


Condltionid  Uita  arerilon  induced  by  mulon  li 
prevented  hr  •elective  vagotomy  In  the  raL  [Bngllih) 
Pox  RA,  McKenna  S  (Department  of  Piychology,  San 
Joie  Sute  Univenlty,  CiUramii  93192.) 

Bthav  Ntaral  Biol  Ifi  (3)Nov  1988,  pp273-84 

nCftcct  of  dlmephoiphon  on  the  blood  circulation  and 
oxygen  tenilon  In  the  brain  of  normal  waking 
raonlu  and  la  motion  ilekneai]  VUlanle  dimefoifona 
ni  krovoobraihehenie  1  napriaxhenle  kliloroda  v 
golovnom  moxge  badntvuluinohlkh  krollkov  v  noime 
iprl  ukaohlvinU.  [Ruiilan,  Bngllih) 

Beketov  AI,  Skoromnyl  NA 

Farmakol  Tokslkol  11  (S)Sep-Oot  1988,  pp33-8 

Role  of  the  area  poitrema  In  three  putative  meaiurcc  of 
motion  ilckOMi  In  the  rat.  [Bngllihl 
Sutton  RL,  Pox  RA.  Diunton  NO  (Department  of 
Piychology,  Sin  Joie  State  Univenlty,  California 
93192.) 

Bthav  Ntaral  Bhl  22  (3)Scp  1988,  ppl33-32 


Cercbroipinal  fluid  conatltuenU  of  cal  vary  with 
■uaceptlblllly  to  motion  ilckncei.  (Bngllih) 

Lucot  JB,  Crampton  OH,  Mataon  WR,  Oantfiche  PH 
(Department  ot  Pharmieology,  Wright  State 
Univenlty,  Dayton,  OH  43433.) 

Li/i  Scl  4  (ll)  IM*.  PPt239-43 

Blockade  of  S-hydroxytryptamlne3  rcceptori  prevcnta 
eliplatln.lnduced  but  not  motion*  or 

xylailne-Induecd  emeali  In  the  cal.  [Bngliih) 

Lucot  JB  (Wright  SUita  Univenlty,  Department  oT 
Pharmacology,  Dayton,  OH  43433.) 

Pharmacnl  Blochm  Bthav  32  (DJan  1989,  pp307-IO 

tAnImal  model  of  motion  ilckneai  In  raU]  [Japaneie, 
Bngliihl 
Morlta  M 

Nippon  minkoka  Oakkal  Kalho  22  (9)Sep  1989, 
pp  1424-35 

Oll-DPAT  aupprccirx  vomiting  In  the  cat  elicited  hy 
motion,  cuplalln  or  xylaainc.  (Bngllihl 
Lucot  JB,  Crampton  OH  (Department  of  Pharmacology 
and  Toxicology,  Wright  State  Univenlty,  Dayton, 
OH.) 

Pharmacol  Biochtm  Bthav  33  (3)Jul  1989,  pp627-31 


P.rrccli  of  intl-motlon  alckncai  drug!  on  motion  alcknena 
in  rata.  lEngllihj 

MorlU  M,  Takeda  N,  Kubo  T,  Yimitudinl  A,  Wadi 
H,  Mitiunaga  T  (Department  of  Ololiiyngology, 
Oiaka  Univenlty  School  of  Medicine,  Janin.) 

Orl  J  Olorhlnolaryngol  Btlal  Sptc  22  (*)  m*. 
pp33()-3 

(The  role  of  cholinergic  mechanlami  In  altering  the 
functional  acUvIty  cl  the  rabbit  brain  during  motion 
iKkncii)  0  roll  khollnergleheiklkh  mekhimamov  v 
limenenU  hinktelonarnol  alitivnaitl  moagi  krollkov  pri 
ukaehivanll.  (Ruiilan) 

Mokilmuk  VP,  Skoromnyl  NA 

ritlal  Zh  SSSB  2d  (l)Aug  1988,  ppl  109-19 


Comparlaon  of  varloua  molbn  Mlmull  on  motion 
akkneai  and  acquliltlon  of  adaptation  in  Suneux- 
murinui.  (Engllah] 

K^l  T,  .Saitoh,  Uenu  S,  MiuukI  N  (Department  of 
Chemical  Pharmacology,  Picully  of  Pharmaceutical 
Science!,  Univenlty  orTokyo,  Japan.) 

JIkktn  Dohaua  32  (DJan  1990,  pp73-9 


Conditioned  taite  averilon  and  motion  ilekneai  In  cata 
and  iquirrel  monkeyi,  (Bngllih) 

Pox  RA,  Corcoran  M,  Brixaee  KR  (Departmr  t  of 
Piychology,  San  Joie  State  Univenlty,  CA  93193.) 
Con  J  Physiol  Pharmacol  ^  (2)Peh  1990,  pp269-7a 
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Role  of  ekolincfilc  neehentsnu  la  ilttralloni  of  rabbit 
bnila  funeihwal  oethlly  during  ica-elekneei, 
[BnilUhl 

Mikilniulc  VF,  Skoiomnyl  NA  (I.  M.  aochenov 
InitiluU  of  Bvolutiontry  Phyiloloiy  end  Blochcmlilry, 
Acidemy  of  Soiencei  of  the  USSR,  Leninind.) 
Nturoaci  Bthav  PhyiM  JSH\)lu\-Ptb  1990,  pp}6-43 


Molhw  ilekncH  lo  gutneo  plu  (Cavil  porciUus)  Indencd 
by  body  i«tatlon*uiiriiced  conditioned  teite 
tvertlom.  (BngliihJ 

Oiienkopp  KP,  Oiienkopp  MD  (Depertment  of 
Piycholcgy,  Univenity  of  Weitern  Onurio,  London, 
Canedt.) 

P/iyj/a/  ScAov  i2  (3)Mar  1990,  pp467-70 


Autonomic  Indokci  during  the  netlbulir-vliuil  cnnfllct 
expoiurei  ii  iqulrrd  monkey  itudy.  (Bngllahl 
Iganiihi  M,  Chae  S,  MacDonald  S,  Hlrni  T,  Takoda 
N  (Deparlment  of  Otorhinolaryngology  and 
Communicative  Solenoca,  Baylor  College  of  Medicine, 
Huuatun,  Ttixaa  77010.) 

Aurii  Naiiu  Laiyiu  12  (3)  1990,  pp69-76 


Lffreu  of  antl'Chollnerglo  end  cholinergic  drugi  on 
hibltuetlon  to  motion  in  reti,  |Bngllaii| 

Morlti  M,  Takeda  N,  Haaegawa  S,  Yamatodinl 
A,  Wada  H,  Sakai  S,  Kubo  T,  Mataunage  T 
(Depanmenl  of  Otolaryngology,  Oaaka  Unlvcralty 
School  of  Medicine,  Japan.) 

Aeia  OMiaryntol  (Slaekli)  Ufl  (3-4)Sep-Ocl  1990, 
ppl9d-:01 


Condlltoncd  Inhibition  of  rnUtlun-Induccd  laate  evcralun 
IBngliahl 

Lambert  J.V,,  Barber  R.M.,  CarpenltuP,,  CianfronI 
M,,  Mendez  B,,  Putoanak  L.C,  (USA) 

Anim.  Uara,  Bthav.  12  (4)  1919,  pp417-467 


Cundltloned  Uate  everalon  Induced  by  motion  la 
prevented  by  aelecllve  vegolomy  In  the  rat,  [Engliahl 
Poa  RA,  McKenna  S  (Dcparlinunt  of  Paycluilugy,  San 
Jnae  Stale  Univeraily,  Callfomiu  9S192.) 

Bthav  Ntural  BhI  2S  (3)Nov  1918,  pp37S-84 


The  auacepllhlllty  of  rhfeu.v  inonkeya  lo  innlkin  aickneea. 
[Engliahl 

Corcoran  ML,  Fox  RA.  Daunlun  NO  (NASA  Amca 
Reaearch  Center,  Moffett  Field,  CA  94086.) 

Avial  Spaev  Environ  Mitt  61  (9  Pi  l)Sep  1990, 
pp807-9 


4.  Behavioural  Effects 

.Sltiiatlonel  awerencea  end  vratlbiilar  atlmiilHtlon!  The 
Influence  at  wholc'bady  ruleiiun  upon  teak 
performance  |ln  Dutchi  Bngllah  Summary) 

WIenUea,  C.  J.  B.,  Blea,  W.  (Inatitule  for  Perception 
RVO-TNO,  Soeaterberg  (Nelherlanda).) 
aF-m9-l4;  TD-tB-lOS);  B779-1»97J»S 


laoperformance  application  of  a  lyatem  engineering 
model  for  motion  alckncM  and  other  environmental 
ateeaaora  [Engliahl 

Ballcloy  D  R,  Kennedy  R  S,  Jonea  M  B  (Eaacx  Corp., 
1040  Woodcock  Rd.,  Suite  227,  Orlando,  Fla.  33l«.) 

Annual  Sciinijflc  Mining  oj  Ihi  Aeraspaci  MiMcal 
A.uoolttllon,  Woshinglan,  D,C,,  USA,  May  7-11, 19B9, 
Avial  Spaa  Environ  Mid  ^  (S)  1919,  479 


EffOct  of  chip  roll  atablllutlon  on  human  performance 
{Bngllahl 

ManHoon  T  R,  Doble  T  Q,  Wlllema  0  C,  Webb  S  C, 
Bndler  )  L  (Naval  Biodynamiea  Lab.,  New  Orleana, 
U.  70189-0407.) 

Bill  Annual  Sciiniyic  Milling  pf  ihi  Airmpaci 
Midical  Amoclttlion,  Niw  Orliani,  Loulalana,  USA, 
May  11-17,  1990.  Avial  Spaci  Environ  Mid  61  (3) 
1990,  477 


Conditioned  laate  averalon  In  hiimana  ualnu 
niotkm-lnduccd  aickneea  ca  the  US  naiiaeogenlc 
experience  |Bngllah| 

Arwaa  S,  Rolnick  A,  Liibow  R  W  (Dep.  PaychnI.,  Tel 
Aviv  Univ.,  69971  Ramot  Aviv,  larael.) 

Bihavlour  liistarch  arul  Thirapy  21  (3)  1989,  293-302 


Pcralilent  mal  de  debarquement  ayndromei  u 
inotlon>lnduced  auhjeettve  dhorder  of  balance, 
IBngliahl 

Brown  JJ,  B-bh  RW 

Am  J  Otalac  'ignl  a  (4)Jul-Aiig  1987,  pp2l9-22 


Motion  aickneea  end  anxiety.  IBngliahl 

Pox  S,  Amon  I  (Department  of  Paychology,  Bar-llan 
Unlvcralty,  Ramat-Oan,  larael.) 

Avial  Spool  Environ  Mid  6?,  (8)Aug  1988,  pp72B-33 


[Well-being,  talk  performance  and  hypervenlllallon  In 
a  llltlna  ruomt  Influence  of  vlatie)  reference  frame 
and  artiflclal  horlxon]  Welbovlndun,Taakprcatatieun 
Hyncrventllatle  in  de  Kantelkameri  invioed  van  Vlaiiccl 
Kofurcntlo-Kador  en  Kunatmatige  Horizon  [Dutchi 
Blea,  W,  ,  Wlcn()ea,  0.  J.  B.  (Inatitule  for  Peruepllon 
RVO-TNO,  Soeaterberg  (Nelherlanda),)  lZF-198g-30 
Pai<0-l75S«i/XAB  cl 988,  33p 


Perfurmanceand  well-being  underlining  condllkmai  Ihe 
effecla  of  vlauni  reference  and  artlflclnl  horlxon. 
IBngliahl 

Rolnick  A,  Blea  W  (Motion  Slekneaa  and  Hiinion 
Porformimeo  Labornlory,  laraoll  Naviil  Hyiwrtinric 
Inaliiute,  Haifa.) 

Avial  Spaci  Environ  Mid  62  (8)Aug  1989,  pp779-e5 


g.  PfURSi  Mo^  of  nctlon.  side  effects  and 
pharmacukineHcs 

Dexamethaaone  mimla  the  antlmotlon  aickneaa  effecla 
uf  amphetamine  and  acopolamlne  IBngliahl 
Kohl,  Randall  Lee  (National  Aoronatitlua  and  Spccu 
Adminlatralion.  Lyndon  B,  Icihnaon  Space  Center, 
Houaton,  Tex.) 

Acia  Attronauliea  (IBSN  0094-S76S),  Vol  IS,  Sipl. 
mo,  p.  SOS-571. 
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Ph«rmM(ilo|>eil  corrNtlon  of  etntril  ncrvoui  lyitom 
functlan  durlni  mpoiurc  to  corlolb  acctlcriUoni 
IBniUih] 

Ktrklihohonko,  N.  N.,  Dlmltrindl,  N.  A., 
Molthtnovikiyi  V.  V,  (Joint  Publlcitloni  Rauroli 
S«rvl»,  Arllnston,  Vi.) 

In  111  USSR  Riporl!  Spaet  Biology  and  Atroipaci 
Midicini,  VolmtiO,  No,  S.Sipttmir-  OotohirlttSt 
p  Bi-SS  (SSB  NS7-2S120  It-fS) 


TraMdormtl  MopoUmlo*)  BffMti  upon  piyelMloitcil 
Mrfbrminec  and  rliuil  flinctlonliii  ai  iMi  [Bnglbhl 
ParroUi  A.  C.  (North  Btit  London  Polytwnnlo, 
Bnultnii) 

Hitman  Paychopharmacotogy  Clinical  4  Exptrlmtnial 
2(2)  l»ia.  ppU9-l2S 


Effect  of  lldocatnc  and  tocatntdc  on  vcrtlio  nauira 
nyitagmui  and  voluntary  eye  movetnenli  [BngUih] 
Pyykko  I,  Padoan  S,  Lyttkeni  M,  Magnuiion  M, 
Sonalen  L  (Inn.  Occupational  Health,  HelaInkI, 
Finland.) 

Oraham,  M,  D.  and  J.  L  Kmlnk  (td,).  Till 
Vnlihular  Syslim:  Niuraphyilologic  and  Clinical 
Rtaiarch:  ThlfHtnth  Muling  of  dir  Barann  Soelily, 
Ann  Arhor,  Michigan,  USA,  May  21-U,  JFdJ. 
ivlll+Mlh).  Ravin  Prist.'  Niw  York,  Niw  York,  USA. 
Iltua.  ISBN  0-8»lt7-2n6-».  1917,  233-242 


Problemi  of  drug  prophylanla  of  motloa  alckneaa 
IRuialanI 

Shaihkov  V  S,  Sabaev  V  V,  ll'lna  S  L,  Oallc  R  R 
(Inat.  Mad.-Blol.  Probl.,  Mlnlit.  Health  USSR, 
Mflicow,  USSR.) 

Parmaknloglya  I  Tokilkologlya  (Moscow)  Jfl  (3)  1987, 
3-20 


Effwii  of  Mopolamln*  on  phyilological  pcrfonnance 
[Bngllahl 

Criaman  R  P,  Moyer  L  0,  Murdoch  D  M,  DeJohn  C 
A  (Naval  Aeroapaoe  Med.  Rea.  Lab.,  Peniacoln,  Fla. 
3230BS700.) 

Annual  Scitnilfle  Mining  of  Ihi  Airaspaci  Midlcnl 
Aaaoclailon,  Niw  Orliani,  Louisiana,  USA,  May  S-12, 
1998.  Aviat  Spact  Bnviron  Mid  22  W 


Iliinian  calecholainlne  rcapontca  to  atreaa  after 
deaainethaione  Kopolamlne  pitta  amphetamine  and 
placebo  (Bngllahl 

kohl  R  L  (Univ.  Spacu  Rea.  Aaaoc.,  Space  BInmed. 
Ret.  Inat. ,  Johnton  Space  Cent. ,  Nall.  Aeronautlca  and 
Space  Adni.,  Hnuaton,  Tex.  7703B,  USA.) 

ISih  Annual  Muling  iflhi  Snehtyfur  Nmosclinci, 
Toronto,  Ontario,  Canada,  Novtmbir  13-18,  IV88. 
Sfe  Niuroscl  Ahsir  14  (2)  1988,  1031 


Inconatalent  effect  of  cinnarlalnr  on  the  veatlhulo-oeiilnr 
renea  VOR  IBngllah] 

Dowcek  I,  ShuMk  A,  Spttaer  0,  Oordon  C  R  (Motion 
Slckneaaaand  Human  Performance  Lab.,  laracll  Naval 
Hyperbaric  Inat.,  Haifa,  Itrael.) 

Annual  Sclinit/lc  Muting  of  ihi  Airoipaci  Midlcal 
Association,  Washlnglon,  D,C.,  USA,  May  7-11,  im, 
Avlai  Spaci  Environ  Mid  2Q  (3)  1989,  481 


Doac  effect  curve  for  acopnlex  In  motion  alckneei 

(Bngliah) 

wood  M  J,  Stewart  J  J,  Wood  C  D,  Manna  J  B, 
MannoB  R,  Mima  M  B  (LSU  Mad.  Cent.,  Box 33932, 
Shreveport,  U,  71130.) 

Annual  Sdinldlc  Muting  of  (hi  Airospaci  Midlcal 
Aiioclallon,  Washington,  D.C,,  USA,  May  7-11, 1999. 
Aviat  Spaet  Environ  MtdfSl  iS)  1989, 492 


Effccla  of  Kopolamlne  on  auditory  monitoring  and 
event-relalad  nottntlala  IBngllah) 

Sunny  R  R,  Shull  R  N  (Naval  Aerotpace  Med.  Rea, 
Lab.,  Panaacola,  Pla.  32308-3700.) 

Annual  ScItnilfle  Muting  of  ihi  Airospaci  Midlcal 
Aaaoclailon,  Washington,  D.t,  USA,  May  7-11,  1999 
Aviat  Spaet  Environ  Mid  ^  (3)  1989,  493 


Evaluation  of  the  eUkacy  and  aide  effecu  of  buccal 
Kopolamlne  In  the  treatment  of  motion  alckneaa 
(Bngliah) 

do  Oloannl  J  J,  Johnaon  PCjr,  Cintron  M  M,  Calklnt 
D  S  (Space  Blamed.  Rea.  Inal,,  NASA  Johnaiin  Space 
Cent.,  Houalon,  Tea.  77038.) 

Annual  Sclinilftc  Muling  of  Ihi  Airospaci  Medical 
Atsoelailon,  Washington,  O.C,,  USA,  May  7-11,  1999, 
Aviat  Space  Environ  Med  2Q  (3)  1989,  306 


(The  effMt  of  vcattbuloprolcetora  on  the  cyclic 
auclcotldt  ayilcm  In  CNpertmental  motion  ileknMi) 
VUIanle  veatibulopiotekloiov  na  tlalemu  Itikllchetkikh 
nukleolldov  prl  modellrovanll  bolcani  dvlxhcnlla, 
IRutalan,  Bngllahl 

Laahahinluk  II,  Konovalova  BO,  KvIlchaUla  AI, 

Shamral  VO,  Bobkov  luO 

Palol  /itiol  Eksp  Ter  Jan-Peb  1989,  pp26-8 


Effecla  of  varloui  typen  of  nnllhUtamlnea  and  Inhibllora 
of  hiataminc  releuc  on  motton-lndiiced  eineaU  of 
Suneiu-Muilnu  (Engllthl 

Kail  ’)*>  MalaukI  N,  Salto  H  (Dcp.  Chein.  Phannaeol., 
Fac.  niartneceulloal  Scl.,  UnIv.  Tokyo,  Tokyo  113, 
Jpn.) 

6Srd  Annual  Meeting  of  the  Japanese  Pharmacological 
Soelily,  Tokyo,  Japan,  March  33-28,  1990.  Jpn  J 
FAornmcB/ 22  (Suppl.  I)  1990,  pl94p 


The  effecu  of  tranadermal  acopolamlne  on  the 
veatibulo-ociilar  reflex  (Engliahl 
Dowcek  I,  Shupuk  A,  Oordon  C  R,  Spllxor  0  (Motion 
Slekneaa  Human  Performance  Lab.,  laraell  Naval 
Hyporberto  Inal.,  P.O.  Box  8040,  Haifa  .31080,  laracl.) 


Fattcra  affttting  susctptibillty 

A  motion  alckneaa  piedicllon  model  and  eyateiii 
deecriptlon  |Bngllah| 

Hartle,  Dana  R.  (Air  Force  Inat.  of  Tech., 
Wrlght-Paltcraon  APB,  Ohio.) 

AD-A1777I6;  AFfTIOCSIBNO/BUD-J 


Changcf  In  circadian  rhythm  of  multiple  horinunea  and 
their  relatlonahtp  with  Individual  luicepllhlllty  In 
almulnted  welghtlcfineii  (Bngllahl 
Liu,  Kejia,  Sun,  Hongyuan,  Lu,  Jun,  Zhang, 
Outnming,  Pan,  Xlaowu 

lAF,  Iniirnallonal  Asironauilcal  Congrias,  40,h, 
Malaga,  Spain,  Ocl.  7-1),  1999.  9p. 


Il-K 


Vntibular  cxamliutlon  of  mollon  ilek  itudcnt  plloti  |ln 
DuMh;  Bniliih  Summiryj 

Blet,  W,  (inilltutt  for  PerceiHlon  RVO-TNO, 
SoMIcrbcri  (N«lherltnd«).) 
ar-im-iit  w-sf-ossi,  etn-9(i-9S09i 


Thr  rtlalionfhlp  of  vtauil-pfrcrpluti  ikllll)  vblon  and 
nhyifcaUltrlbulM  lo  molbii  ilckneii  luaccptibllitjf. 

Ladowtky,  RickI  L.  (U  Wcitom  OnUrioi  London, 
Canada) 

DljiMHalten  Abaltacia  InitrnailoMl  4t  (9'B)  1981. 
PP3817-2818 


Naiiropayehbitric  obatrvaliani  of  proprluceptUa 
afniUlviiy  In  mollon  alckncai  iiiicoptInlUty.  The 
foriullan  third  faetor  (Bnnllihl 
Patl  )  0  L,  Saloman  A  A,  Balalroochl  R  L  (Inal. 
Aeroapaeo  Mad.,  Buanoa  Airea,  Argentina.) 
dnfiMaJ  Schhil/lc  hftling  iht  Atriupaet  Midlcal 
Aaioeliuloit,  Lai  Vifias,  Nivoiia,  USA,  Mm  10-I4, 
m?.  Avial  Spact  Suviron  Mtd  U  (3)  1987,  492 


Tile  relallonahlp  between  prrnipht  underwater  training 
and  apace  motion  aleknna  TBngllahl 
Voumana  B  M,  Charlea  J  B,  Sooty  P  A  (Med.  Sol. 
DIv.,  Jahnaon  Space  Cont.,  Hunaiun,  Tenaa  77038.) 
Animal  Srlinlf/lc  Mtulng  of  the  Atruapuci  Mudhiil 
Amtlallon,  Lai  Vagai,  Ntvada,  USA,  Uay  IO-I4, 
im.  Aviei  Spaa  Environ  Mtd  U  (3)  1987,  497 


Motion  aickiieta  aaid  eleetrogaalrographlc  activity  aa  a 
function  of  apeed  of  rotniian  of  an  optokinetic  drum 
[BnglUh) 

Hu  S,  Stem  R  M,  Vaaoy  M  W.  Koch  K  L  (The  Pa. 
Statu  Unlv.) 

ZAih  Annual  Mfllnf  if  ihu  Socinv  Jbr 
Piychoahyahlotlcal  Huitaroh.  Psychopliyalulagy  23 

(4)  19ft,  456 


Ocular  eounterrolllng  In  puralmlW  niglil  prealldlve  lent 
of  apace  iimtlon  alckneat  lEiiyllahl 
DIamend  S  0,  Markham  C  H  (Dcp.  Nourul,,  UCLA 
Sch.  Med.,  Lcia  Angelea,  Calir.  90024.) 

IVlIi  Annual  Mtiling  u/llu  Sucltlyfui'  Neuhmltncu, 
Pliaunix,  Arltona,  USA,  Oahihtr  IV-Novnnher  J, 
im.  Sac  NturonI  Ahsir  H  (I)  1989,  316 


Miilkm  ak'kneaa  auacrpllhlllly  andrliimgca  In  veatlhulnr 
function  In  a  varying  gravllolnertlal  force 
background  IBnyllahl 

Dl/lo  P,  Lackiicr  I  R  (Aalilun  Qrayhlcl  Spatial 
Clrlcnlalloii  Luli.,  Braiulcia  Unlv.,  Wallhiiin,  Mukk. 
02254.) 

O/.vr,  Anniiiil  Si'liniiflc  Mtriing  of  Ihe  Ammmce 
Mtiilcal  Aiaoilollim,  Ntw  Orltam,  Ltmlatiina,  USA, 
May  U  I7,  lUIAI.  Avial  Spact  Environ  Mul  fii  (5) 
I990,  489 


Kvaluaikin  of  vcatibulu-oeular  rvtlex  vor  parametvra 
according  to  motion  aickneaa  auaceptibllliy  (Bnallahl 
Snil/.er  0,  Doweea  I,  Oordon  C  R,  Shupak  A,  Oadut 
N  (Million  SIckncia  Human  Perforntince  Lab.,  laraoll 
Naval  Hyperbaric  Inat.,  Haifa,  larael.) 
fi/,r/  Annual  Sctfnl(/lt'  Mttllhg  qf  Iht  Airaspact 
MtJIciil  Ai-mlalhn,  Ntw  Orltaiu,  Lnuiilana,  USA, 
Men  I)‘I7,  1990.  Aviat  Spact  Environ  Mnl  fii  (3) 
19d0.  489 


SaHvary  proteitti  aa  correlatM  of  motion  tlckOMt 
auicepllblltty.  An  electrophoretic  analyala  (Bngllih) 
Miedsnild  S,  Igarathl  M,  Henley  C  M,  Kohl  R  (unlv. 
Space  Ret.  Attoeltilon,  Houaton,  Tex.  77038.) 
d/ac  Annual  Scliniiflc  Mining  qf  Iht  Airospaci 
Midical  A.<3aelalhn,  Ntw  Orltam,  Louisiana,  USA, 
May  13-17,  1990.  Avial  Spact  Environ  Mid  fii  (3) 
1990,  307 


Clinical  atudy  of  Ihe  mechanlam  of  motion  alckneat  (2). 
StatlatMal  Invcailgatlon  of  auaceptlbtllty  from 
anawert  to  qucatlonnaire  IJapaneta,  Bngllahl 
Pujita  N,  (Japan) 

Eqnitih.  jfc.r.  £Z(4)  1988,  pp403-409 
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Miller,  A.  D,,  Tan,  L.  K.  (Kockefellcr  Unlv.,  New 
York.) 

IN.‘  Rttpiraiory  mkicltt  ami  ihtir  ntaramoloi'  control. 
Ntw  York,  Alan  R.  Lli.t,  Inc.,  IMS,  p.  4J3-4M, 


.Serotonergic  mcchanlama  in  emeala  |Bngliali| 

Lueoi,  J,  B,,  Cramptoit,  Q.  H.  (Wright  State  Unlv., 
Dayton,  OH.) 

IN:  Ba.dc  and  applitd  a.\ptcls  of  vt.dlhuhr  ftmctlon. 
Hong  Kong,  Hong  Kong  Unlvtr.dtv  Ert.v,  IMA,  p. 
I07-III. 
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tlgnala  In  motion  ilckneai  itiidlea  IBngllihl 
.Smith,  Ruaael  B.  [Alt  Perce  Inut.  of  Tech., 
Wright-Patterion  APB,  OH.) 
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Neti.'ohuiitoral  niechaiilim  of  apace  iiiolhin  ilc.kiiei'i 
IBngllihl 

Qrigoriev  A  I,  E;'iiruv  A  D,  NIohIpi’riik  I  A  (Inal 
Blnmedieal  Prnbici,  a,  Muaonw,  U.SSR.) 
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IMA.  Acta  A.drnnaui  )1(3)  I98»  167-17". 


(Protective  effecl  of  iinne  peptidea  agalnil  niotkin 
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Ynineliov  V  V,  Dmrd  Yu  V,  Shnihkov  V  S,  Bragin 
BO.  Popkova  B  V,  Vablahehovlch  A  V 
Kmmichtskaya  Blologiva  I  Avtako.mikht.\knya 
MtdUsIna  23  (2)  1988  72-73 


Hole  of  blilamlne  In  mutton  ilckneai  of  Suitciig-murlnui 
IBngllihl 
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Pharmacol.,  Pac.  Pharmacoullcal  Scl.,  Unlv.  Tokyo, 
Tokyo '  13,  Jpu.) 

Annual  Scitnil/lc  Mttling  of  iht  Atro.ipact  Mtdkal 
A.WKkilon,  Wa-thlnglon,  O.C.,  USA,  May  7-11,  IM9. 
Avlai  Spact  Environ  Med  {|Q  (3)  1989,  492 


(Pharmacological  Induction  of  motlun  ilckneai  In  the 
Khmui  monkey,  (Preliminary  Studlei)]  Induutlon 
pharmaculoglque  du  lyndronie  emclique  clicx  le 
macaque  Rheiui  (Elude  Prelitninaire)  [Picnchl 
Bouillon  J.  N.  ,  Milhaud,  C,  ,  Ugarde,  D.  , 
Plorenoe,  0.  (Cenhe  d'Bludea  ei  de  Rechcrchoa  dc 
Medeolno  .Aetotpallale,  Paria  (Prance),  DIv.  de 
Neuinphyiiologlo  Appliquee.)  CBRMA-88/12 
PBS9-2I0777/XAB  Aug  B8,  83p 


Brain  blogniic  amlnw  and  meUbolltei  In  rau  ettpoied 
to  crui^oupled  motion  during  the  dark  phaie  of  a 
lblht<dark  cycle  |Bngliih| 

Owaaoyo  J  0,  Tcl  D  B,  Liukteig  D  U,  Newport  0, 
Walker  C  A  (Unlv.  Arkamaa  at  Pine  P'ufr,  Pino  Bluff. 
Arkaniaa,  USA.) 
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Socitlyhr  Chronoblohgy,  Btihiada,  Maryland,  USA, 
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Aaaliiwlc  «nd  b«U  endorphin  (BK)  rHpaniH  Ir 
inolion*<lclinHi  In  monoiodluni  nl.iuniile-ti'raird 

rnU  [Bngllahl 

Senllol  A  C,  Wllioti  S,  Rounirm  R  L,  Henry  W  Jr, 
AnRreWf  Wnlker  C  A  Cent.  Toxicol.  Rea,, 
Jerfcrion,  Arinona  72079-9902.) 

19th  Annual  Mtillng  ofiht  SiKlily  JIfr  NtnnsL'I.'nca, 
Phofnix,  Arttona,  USA,  Ocabtr  i'P-Mnrmher  J, 
im.  StK  NturoscI  Abtir  l«B»  SI* 


Kii-24969 'Induced  emnb  In  the  ent  MIT-I  ili*  olher 
than  S-llTdA  SdlTdB  or  S  IIT-IC  Implicated 

[Hngllaht 

Luoot  J  B  (Dep,  Pharmacol.,  Wright  State  Univ.,  000 
Pawo,  Dayton,  Ohio  47419,  USA,) 

Europtan  Journal  of  Ptuirmocologf  Ug  (2-3)  1990, 
193-200 


HinVcta  of  leroinnln  nninMonlaii  on  niotkin  aiclincni  and 
lla  auppretalon  b>  3  hydri'xy-DPAT  In  cnia  IBngiiahJ 
Uuool  J  r  (Wright  State  UnIv.,  Dap.  Phormacnl.,  OdO 
Pawc,  Dayton,  Ohio  49439.) 

Pharmaeolon  Blochttntiiry  anil  BeAav(nr22  (2)  1990, 
2B3-2II 


[Nciiropharniacdlnny  nf  the  veellliulaivepetutlvr 
■yndromc  (VV!i)l  IRuailan,  Bngllahl 
Sliaahituv  V.S.,  raanetaou  V,V.,  Dro/il  Yii.V., 
Kr-aanovaS.K.,  TIgranyan  R.A.  (USSP) 

Pavnakel,  Jokilliol.  l^ih,  pp30-3() 


Pmportnnce  of  pbaac  naynchrony  of  aenaury  algnnla  In 
the  mechr  '.lama  of  develop'-ieut  of  innllon  ifaknctiaj 
Znachonic  htovogo  raa[..'>glaaovanlla  aenaomykh 
olgnatov  V  ffiekh.mltmakh  razvitila  iikachivanlla. 
[Ruiilan,  Engllihl 
Borob’ev  OA 

Itv  Akad  Nuuk  S,<!SH  fhloll  9)Scp-Oct  I9S7.  np793-6l 


Differentiation  of  miiacnrlnle  tthollnergh-  receptor 
aubtypM  In  human  coHex  and  ponai  linollcntloni 
fbr  antl-ffiollott  alekncia  theiapy,  IBngi'ah] 
McCarthy  DO.  PoruutkaS)  (Dcpeitmuni  jf  NciiDlam,, 
Stanford  Unlverilty  Medloal  Center,  Ca  94309.) 

4vlar  Spact  Enrlroi  Mtd  J7  (l)Jan  1981,  pp63-fi 


Hormonal  aUlua  and  I1u>j  eleetiolyie  inHniNilliin  In 
mutton  alehneai,  IPngllahl 

Crigoriev  At,  Nlchl)  oruk  iA>  Yaanetanv  VV,  Shaahkov 
VS  (Inatltuto  of  BtomeJIcal  Prubicma,  Mlnlatry  of 
Health,  Moaeow,  USSR.) 

Avittt  Spact  Environ  Mtd  (4jA.ir  1911,  |ip301-9 


lllalauilne  and  related  aiibitnncea  InDiirnre 
neumirananilaalnn  In  the  leinlclrciilnr  ennal, 
IBngllahl 

Houaley  OD,  N'irrU  CIt,  Otith  PS  (Du|mrlnicnl  >( 
Pharmacology,  Tuinne  Unlvcralty  SohonI  of  MeJInliie, 
New  Orleana,  Loulalana  701 12.) 

Hmr  Rt.i  12  (l)Sop  I  1981,  pp87-97 


rVeatlhuloprolNllve  proptrtlen  of  ■ante  regulatory 
prplldea]  (Ruaalin,  Bngllahl 
Drozd U.V.,  YaancUovAt.V.,  Shaahkuv  V.S.  (USSR) 
Syull,  Eksp,  BM.  Mtd.  152(7)  1988,  pp90.J2 


Netiropeutlde  inudulalkin  of  central  veetlhiilHf  eirciilta 
(Bnallihl 

Balkan  C.D.,  Starcevlc  V.P.,  Sevura  W.B.  (USA) 
Pharmacol  Btv,  ii(t)  1989.  pp33-90 


[Condltlnn  of  cell  memhrnnea  dttrlng  almiilatrd  niollon 
alckneaa  and  me  of  alpha-tocopherol]  IRuaalan, 
biigllihl 

Puko  V.M.,  Drozd  Yu.V,  (USSR) 

Farmakol.  Takvlkol.  22  (J)  1990,  pp47-4g 


ll'he  role  of  cholinergic  iiiechnniaim  In  altering  the 
functional  acllvlly  of  the  rnbhlt  brain  dtirlng  innllon 
ilckneaaj  U  mil  khnlliiorgleheakllth  mekhiinl/.niov  v 
l‘/menen>l  hinklalonal'niil  akllvnokd  ino/ga  krullkov  pri 
uknahivanll.  tjtuiaianl 
Makalmuk  VP,  Skommnyl  NA 
FItlol  Zh  SSSB  7j  (8)Aug  1988,  ppl  109-19 


[Krfccl  of  dimephoaphon  on  the  bkaid  clrciilallon  and 
oavgen  tenahin  In  the  hrain  of  norioni  waking 
rahhiM  and  In  niollon  akiknM.il  Vllianle  dlinoruNruna 
na  krovoobraahchenli  I  naprin/hcnlc  klahinidn  v 
eolnvnom  innzgc  hudmvuiaahehikh  kmllknv  v  luiriiu' 
Ipri  ukaehlvanTl.  IRtiaalan,  Bngllinil 
Beketuv  Al,  Sknronnyl  NA 
Fa.makol  ruAvUof  21  (9 )Sep-Oal  1988,  pp39-8 


Calccholaiiilncrglc  reeponan  to  rotathnial  .alma  In  rat 
brain  ateini  inipllcallona  for  anipliel.tiiilne  tl'crupy 
of  niollon  alckiieaa  |Engllah| 

Tiikcda  N.,  Murila  M.,  Yiiiiiiiliiiliinl  A.,  Wadu  H.. 
Mataunaga  T.  (Jiipun) 

Avial.  Spact  E-vlnm.  Mtd,  £1  (11)  1990, 

PP10I8-1021 


A.ayiniiielrlc  ulolllh  function  and  Increaaed  aiiacenilblllty 
to  itiutkin  alckncaa  during  eapoaure  to  v.  rlallona  In 
gravitolnertlal  acceleration  level,  [Engll  'i| 

Lackner  JR,  Oraybici  A,  Johnaon  V^,  Money  KB 
AvIai  Spact  Environ  Med  12  (7))ul  1987,  pp052-7 


Mechanlania  of  anltmollon  alckncaa  druga.  lEngllahl 
Wood  CD,  Manna  JB,  Wood  MJ,  Maiimi  BR, 
Redetakl  HM  (Leulilani  State  Unlvcralty  Medical 
Center,  Department  of  Pharmacology  and 
Thcra|ieullca,  Shreveport  71 130.) 

Avial  Spact  Bnvlrim  Mnl  22  (9  Pt  2)Sep  1987, 
ppA262-9 


la  the  noradrenergic  neuron  aya.vin  In  the  brain  aleni 
rebiled  to  notiim  ak'kneaa  in  rata?  |Biigli«h| 

Takvdu  N.  Murila  M,  Kuhn  T,  Yaiimtodiinl  A,  Wndii 
M,  Miilaiiiiagii  T  (Depiiili'ienl  uf  Oliilnryngiilogy, 
Oaiika  Univvrilly  Svhuul  iil'  Medleiiie,  Jupnii.) 

Adv  Olurhlnolaryngul  p|i234-7 


Rote  of  the  area  poatreir  '.  In  three  putative  nieuiiiree  of 
tnniinn  aickneaa  In  the  ral.  IBngllahl 
Sutlun  RL,  Pna  RA,  Daiinloii  NO  (Depariniunt  of 
Payehology,  San  Joae  Stale  Unlverally,  Cullfornia 
95192.) 

Bthav  Ntural  BM  23  (2)Sep  1988,  ppl 33-92 


[Periiieublllly  of  the  blood-brain  barrier  In  iiiudellng 
motion  aickneaa]  Pronllaaemuat' 
gemaloeiilaeralleheakogo  bar'era  pri  tnndulirnvanil 
bulezni  dvlahenlla.  IRuialanl 
Drozd  tuV,  Puko  VM,  Rlumln  lul 
Kasm  BlolAvlakavn  Mtd  22  (3)Mar-Apr  1989,  p88 
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Th«  fflWt  «n  mbilon  iIckaMi  and  oculomotar  funcUan 
of  GR  38032F,  a  S-IIT3-rMeplor  inia(onbt  with 
*ntl*cnMitc  propfrtin,  [Bnallim 
Slot!  JRi  Bimu  OR,  Wrfght  M,  Ruddock  CJ  (R.A.P. 
Inctl.iic  of  Aviation  Medicine,  Pamborough, 
Hampihlra.) 

Br  J  Clin  Bhamacol  iZ  (2)Peb  1989,  ppl*7-!7 


Riockadf  of  S-hydroxytrypUmlneS  rceeplon  preventa 
etiplitln-laducid  but  not  motion-  or 
xylailne-lnductd  oaiMli  In  Ihi  eat.  [Engliihl 
Luool  IB  (Wrlihl  Slaw  Unlvtnliy,  Departman*  of 
Pharmacology,  Dayton,  UH  4S435.) 

PIturmcol  Blachtm  Bthav  32  (t)fan  1989,  pp207-IO 


Nriirochenileal  mechnnlima  of  mollun  tleknwi.  (Bngllihl 
Takada  N,  Marita  M,  Haaegawa  3,  Kubo  T, 
Mataunrga  T  (Dapaniiient  of  Otolkryngulagy,  Oaaka 
Univenity  Medical  Sohool,  fnpan.) 

<4w  J  Olutarynfot  Ifl  (S)Sop-Ocl  1989,  pp33l-9 


n'ha  effwl  of  pyridnxine  on  the  eereliral  hxinodynaiiiici 
In  vcatlbular  dliorderi)  VlllanI  piridokilna  na 
l■cnihral'nulu  geriiodlnamlku  pri  vuitihulinmvkh 
raiitrolatvakh.  (Ruulan,  Bogllihj 
Skoroinnyl  NA 

Famakol  Ttiluiltal  SHt)Nos-Oet  1989,  pp43-6 


Role  of  chollnerglr  itiwhnnianti  In  alirratloni  of  rabbit 
brain  functional  activity  during  aea-aIcknM*. 

IBngllihl 

Makaimuk  VP,  Skoromnyl  NA  (I.  M.  Scchcnov 
Intlllule  of  Evolutionary  Phyalnlo^  and  Bl'k  iicnilitry, 
Academy  of  Scicii  ci  of  the  USSR,  Leningrad.) 
NKtraul  Bthav  PHyalol  23  (l)Jan-Pob  1990,  |ip36-4S 


Optokinetic  and  vcallbukHieular  renex  riaponaei  to  an 
unpredictable  illmului  [Engltah] 

Peterka,  Robrit  J.,  Black,  P.  Owen,  Schoenhoff, 
Monika  B.  {Dood  Samaritan  Hoiplul  and  Medical 
Canwr,  Portland,  Oreg.) 

^ASA,  Vnivirilllii  Spatt  Ristarch  Aisoclallon, 
Bayhr  t/ntveniliy ,  ond  iMtntttllonal  Acadtmy  qf 
AtiriMuikiki,  hutrnalhmal  Man  In  Spaet  Sympotlum, 
7lh,  Hoaalon,  TX,  Ftb.  lO-l),  Jsmsj  Aviallon,  Spact, 
and  Snvlronmtnlal  Jdtdklnt  U  (Sept)  1987 
PPAI80-A18S. 


(The  itgniflcance  of  the  phaie  nibmaieb  of  leniory 
algnala  In  aiechanlami  of  mollon-aickneea 
development]  Znaehenle  Paiovogo  Raiioglaiovanlla 
Sanaomykh  Slgnalov  v  Mekhanlamakh  Ratviiila 
Uktehivanlla  [RuiilanI 
Vorob’av,  0.  A. 

Ahadtmlla  Naak  SSSR,  Itveillia,  Strtia  Blohgichtakala 
(ISSN  000i-SJ2»J,  Stpi,  Oci.  m7,p  7S3-76I. 


Control  of  alidortilnal  and  expiratory  Inlercinlal  muicle 
activity  during  vomiting  -  Role  of  ventral 
reapirnlury  group  expiratory  neiironi  (Bncllihl 
Miller,  Alan  D.,  Tan,  L.  K.,  Suaukl,  Ichiro 
(Rockefeller  Univ.,  New  York^ 

Journal  of  Ntutapliyilology  (ISSN  001i-S077},  ml.  37, 
Juht  im,  p.  ISS4~m6, 


Innervation  of  perlnophageal  region  of  cat'a  diaphragm 
•  linpllcalmn  for  aliidlea  or  control  of  vomiting 
IBngllihl 

Tan,  L.  K.,  Millar,  A.  D.  (Rockefallar  UnIv.,  New 
York,) 

Nturmoltnct  Lrlltr.i  (ISSN  0i04-3»40),  ml.  6A,  IPBli, 

p,  33P-344. 


ICffecta  of  anll-eholloerglc  and  cholinergic  driiga  on 
hibltuallon  to  motion  In  rata.  IBnglliHl 
Morlta  M,  Takedi  N,  lluicgawa  S,  Yamntudaiil 
A,  Wada  H.  Sckol  S,  Kuho  T,  MiUiinaga  T 
(Department  nf  Otoloryngolngy,  Oidkn  Unlvcrilty 
School  of  Medicine,  Japan  ) 

A'la  Ololaryngol  (Slockltj  iifl  {3  '4)Scp-Oul  1990, 
PP196-J02 


tlurnional  changM  after  nurahollc  night!  Iitiullcationii 
on  the  devekipiuent  of  motion  ■Icknea.'i.  [Engliihl 
Drummer  C,  Slromeycr  H,  RIepI  RL,  Konlg  A, 
Strulln  Pi  Lang  RE,  Mouii  H,  Rocker  L,  Ocrecr  R 
(Medl/lnlichc  Kllnik  Inncniliidt.  Unlvcrallnt  Mtinchen, 
FRO,) 

/trim  Spuct  Environ  Mnl  fil  (9  Ht  l).Scp  1990, 
|ip82l-8 


10.  Mechaitlsms:  GeiicrnI 

Link  between  aiymmetry  of  optuklnetlc  nyitugmua, 
uploveatlbular  and  veatihuluvrgetative  atablllty 
[Engltahl 

Oiignmva,  V.  K.  (Joint  Puhllcatlnni  Pc.icirch Service, 
Arlington,  Va.) 

In  In  USSR  Riporl;  Spact  Blalogsi  and  Atnopact 
Mtiiliint,  Vul,  30,  No.  3,  Mat  -  Jun.  IVAh 
(JBRS-USB  SS  mS)  p  SB-tl  (SEE  m-i073l  13-33) 


Human  faclori  In  (be  naval  environment!  a  review  of 
motion  alckneai  anil  lilndynamk  probleiiit  [Bitgliahl 
Colwell,  J,  L.  (Defence  Reacurch  Bitabliihincnt 
Atlantic,  Dartmouth  (Nova  Scotia).)  DRBA-TM-89/220 
AD  A3I4  733/h/XAB  Sop  89,  70p 


Role  of  orlenUtlun  reference  aelecllon  In  mutton 
itckneaa,  .Supplement  2S  (Engliihl 
Peterka,  R.  f.  ,  Ulack,  P.  □.  (Oood  Siimcritiiii 
Hoipltal  end  Medical  Center,  Portland,  OR.)  NAS 
I.2fi:18t393>,  NASA.CR-181393 
NH7- 30049/7 fXAB  Oct  87,  16p 


.Slgiiiricaiice  uf  leiiiury  ilgnnl  phnie  nibinalch  In 
mcvhanliiui  of  luotlon  ilckneai  dcvehipmenl 
(Abalract  Only)  jkngllih  Trinilatlnnl 
Vorobyev.O,  A.  (Jnmt  Publlcilloni  Reicarch Service, 
Arilnglmi,  VA.) 

Nim-i67n7.i7/XAII  10  Jun  88,  Ip 


Hole  of  orientation  refereticv  iriecthm  In  motion 
ilckneva.  Semiannual  Slnliii  report  IBnullihl 
PeUirka,  R.  J,  ,  Black,  P.  0.  (duud  Samaritan 
Hniplui  and  Medical  Center,  Purtliind,  OR.)  NAS 
1.2«:l84fi09;  NASA-CR-184609 
NH9-I33I3/9/XAB  Deo  88,  82p 


Seniury  eonnirt  In  motion  ilcknnii  an  uhaerver  theory 
approach  (EnglUlil 

Oman,  C.  M.  (Maiiachuietti  Init.  of  Tech., 
C'ni,ihrldge.) 

N9I/-23937/6/XAB  Jul  89,  15p 


Neuropiychlitrk  obicrfilbni  ot  praprioocptiv* 
•cailUvIljr  la  motion  ilcknai  ■uicrplmlltiy,  The 
foriollea  third  factor  IBnuliihl 
fatt  J  0  L,  Salomon  A  A,  Bilairoochl  R  L  (Init, 
Aoreipace  Med.,  Bt'enoi  Alrei,  Argentina.) 

Annual  Sclmlfle  Mrrilni  of  ilu  Atro-tpaut  Midical 
AiiacUillon,  Lai  Vigai,  Ntvada,  USA,  May  IMd, 
im.  Avlai  Spaei  Snvl-on  Mtd  21  (S)  1«87,  492 


The  uie  of  eompoilte  Information  fbr  the  prediction  of 
molloo  itckncM  [Bngllihl 

Lin  K  K,  Roiohke  M  P  (Space  Blomed.  Rea.  Inal., 
Johnion  Space  Cent. ,  Hnuiton,  Tea.  7T0St.) 

Annual  Sclinifflt  Mtitlnp  qf  Ihi  Atroapact  Midical 
Aiiaelallan,  Laa  Vtgaa,  Ntvada,  USA,  May  10,14, 
tvs?,  Avlai  Span*  Bnvifon  Mid  21  (S)  1917,  304 


Itoperforittance  application  of  a  ayitem  eoKlnecrlnt 
itiodrl  fbr  motion  iIcknMi  and  other  envlnininentnl 
streaaori  (Engliihj 

Baltaley  D  R,  Kennedy  R  S,  iunea  M  B  (Biiex  Corp., 
1040  Wuadooolt  Rd.,  Suite  227.  Orlando,  Pla.  32I0V) 

Annual  Sclinll/lj  Muling  qf  llii  Airoipact  Midical 
Aaioclailon,  Wa.ihlngmn,  D.C,  USA,  May  f  ll,  JIWV, 
Adel  Spaci  Environ  Mid  tS  (3)  1989,  479 


Million  ilckneai  and  motor  iirategy  (Gnallihl 

Walt  POD,  Nevo  I,  Yung  T.  Smith  A  V  (Aeiuipaue 
Med.  Rai,  Unit,  MoOIII  Unlv.,  Montroal,  Can.  H30 
lYd.) 

lUlli  Annual  Milling  qflhl  Socliiy  fnr  NiurMcliru,!, 
(‘huinlx,  Arltnna,  USA,  Jclohir  3V-Noviinhir  S, 
IIUJ.  Sm  Niuro.nl  Ahiir  a  (,[)  1989  ,  316 
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KrUtlonihlp  of  vaiopreailn  AVP  to  adrenocorticolropin 
ACTII  and  nainea  berore  and  after  adaptation  to 
motion  ileknMi  (Bn|llahj 

Kohl  R  L  (Unlv,  Space  Rea.  Aaaoe.,  Space  Blamed. 
Rea.  Iml.,  NASA-iohnionSpaceCent..  Houaton,  Tex, 
77038,1 

Annual  Sclentlftc  Meeting  nf  Iht  Atroapact  Medical 
Aaaoelallon,  Waahinglon,  D.C.,  USA.  Mm  7-tl,  tm. 
AvIttI  Space  Environ  Med  iH  (3)  1989,  ^3 


Evaluation  of  veatlbulo^ular  reflex  VOR  parametcre 
according  to  motion  aickueee  auacepllblllt;  |BnjlUh| 
Spltier  0,  Dowecli  I,  Gordon  C  R,  Sbupak  A,  oadot 
N  (Motion  Slekneaa  Human  Perfonrianec  Lab.,  laraeli 
Naval  Hyperbaric  Inat.,  Hallk,  larael.) 

Slat  Annual  Sclenl(flc  Meeting  cf  the  Atroapact 
Medical  Aaanclallon,  New  Orltana,  Loulalana,  USA, 
May  IS-17,  1990.  Avial  Space  Environ  Med  fil  (5) 
1990,  489 


DIagnoatIc  elaiilfkallon  of  chaaga  In  the  human 
rlNtrogaitrogram  during  motion  alekneaa  |Bngllah| 
Btanford  C  L,  Oman  C  M  (Man  Vehicle  Lab,,  MIt, 
Cambridge,  Mua.  02139.1 

Slat  Annual  Settnl\fle  Meeting  if  Iht  Aeroapace 
Medical  Aaaoelallon,  New  Or/ean.i,  loulalana,  USA, 
May  J3-I7,  1990,  Avial  Space  Environ  Med  fil  (3) 
1990,  490 


Electroencephakigranhlc  thrta  hand  rhangca  during 
motion  ilckneea  lEngllihl 

Moraloa  R,  Chclen  w  B  (Applied  Blntcl.  Co.,  Lna 
Angclea,  Calif.  92050.) 

Slat  Annual  Sclenllflc  Meeting  of  iht  Atroapact 
Medical  Aa,aoclalliin,  New  Orleana,  Loulalana,  USA, 
Mm  I3‘I7,  1990  Avial  Spact  Environ  Med  fil  (3) 
1990,  307 


lltiiiian  vaaoprenala  AVP  and  adrenocorticolropin 
ACTII  reapontM  to  ilrenaful  aenaory  Input. 
Individual  dlfferencM  and  adaptive  rnponaea 

[Bilgllahl 

kohl  R  L,  Calkina  D  S  (Unlv.  Space  Rea.  Aaaoclatlon, 
Space  Blamed.  Rea.  Init.,  Juhnaan  Space  Cent,,  Natl. 
Aeranautlca  and  Space  Admlnlalralian,  Houatun,  Ton. 
77038.) 

I9ih  Annual  Meeting  if  the  Society  fir  ffeuroaelenct, 
Phoenix,  Arltona,  USA,  Oclobtr  29-Nnvtmhtr  3, 
1999.  Sue  Sturoael  Abate  12  (D  1989,  372 


AnaIgMic  and  beta  endorphin  (RE)  rvaptinaea  to 
motlon-alckneaa  In  moitoiodlum  Blutanlata^trrated 
rata  [Bngllahl 

Scallet  A  C,  Wllion  S,  Rountree  R  L,  Henry  W  Jr, 
Andrewa  A,  Walker  C  A  (Nall.  Cent.  Toxicol.  Rea., 
Jerferaon,  Arirona  72079-9302.) 

I9ih  Annual  Mteling  iflhi  Society  fir  Sturoaclence, 
Phoenix,  Arizona,  USA,  October  19-Navemher  3, 
I9S9.  Sac  Neuroacl  Abate  12  (1)  1989,  310 


'■'he  gailroInlMlInal  riirrcUlea  of  mutlon  alrkntbi  In  the 
cal  |Engliah| 

Lang  I  M,  SIcenarud  M,  .Sama  S  K  (Ocp.  Siirg. 
Phyaiol.,  Med.  Coll.  Wla.,  ZablockI  Vomc, 
Milwaukee,  Wla.  33293.) 

I9ih  Annual  Mealing  of  Iht  Society  fir  Neurtuclenct, 
Phoenix,  Arizona,  USA,  October  39-Navembtr  3, 
m9.  Soc  Neuriact  Afctr  12  ( I )  1 989,  900 


Katlng  auppreaicf  motion  aickneea.  The  rclatkinahlpn 
among  vagal  activity  rlectrogaalrogram  and  motkin 
.alekneaa  (Bngllahl 

Uljtdehuge  S  H  J,  Stem  R  M,  Knch  K  L  (Den. 
Paychul.,  Pennaylvanla  Stale  Unlv,,  Unlverally  Para, 
Pa.) 

Abalracia  of  Paptra  Submliied  to  the  American 
Aaaoelallon  fir  the  Study  if  Liver  DIataxtafir  the  9lal 
Annual  Meeting  if  iht  American  aailroenierobglcal 
Aaaeciallon,  San  Ani'-:.lo,  Ttxaa,  USA,  May  13-19, 
1990,  doalroenlerology  SS  tS  Part  3)  1990,  pAe70 


Salivary  protelna  aa  eorrelalM  of  motion  alrknna 
auicepliblllly.  An  elwirophoretic  annlyala  |Engllah| 
Macdonald  S,  Igaraahl  M,  Henley  C  M,  Kohl  R  (Unlv. 
Space  Ren.  Aaauelatlon,  Houatnn,  Tex.  77038.) 

S/at  Annual  Sclaulflc  Meeting  of  the  Aeroapace 
Mtilkal  Aaaoclaliim,  New  Orleana,  LouLilaiia,  USA, 
May  13-17,  1990,  Avial  Space  Environ  Med  fii  (3) 
1990,  307 


(Kphedrlne  effret  on  the  blood  lupply  and  oxygen 
regimen  of  the  brain  during  motion  ateknena] 
IRuaaianI 

Sktiromnyl  N  A  (Div,  riinmmcol.  Courae  Clin. 
Pharmacol.,  Pediatr.  Pae.,  Crima.  Med.  Inat,, 
Simferopol,  USSR.) 

Fannakologtya  (  Tokalkohglya  (Moacaw)  212  (2)  1987. 
93-97 


[CerebrovaKular  rfftcu  of  motion  aickoMa]  [Ruailan) 
Moiknionko  Yu  B,  Beketov  A  I.  Makaimuk  V  P, 
Skorumnyl  N  A  (Lab.  Cnmn.  Phyalol.  Blood  CIro.. 
i.M.  Scchcmiv  Inal.  Evul.  Phyalol.  Bluchcm..  Acad. 
Scl.  USSR.  Leningrad,  USSR.) 

Fizlologlchtaliii  dhurnalSSSR  Imtnl  I M  Stclunovaji 
(II)  I9S?.  1360-1367 


(The  effeet  of  blofevdhack  control  on  the  leverlty  of 
vetllbula*aulonomk!  lymplomi  of  experlnwnul 
iliutiun  iIckneaB]  (Ruailan,  Bnullah] 

SmImovS.A.,  Alxlkov  Q.S.,  Koalovakayal.B.  (USSR) 

Koam.  BU  Aviakoain.  Med,  22(4)  l9SB,pp3S-39 


Citrcholamlnerglc  rnponaM  to  rulalkmtl  atrcaa  In  rat 
brain  aiemi  tmpllcatkmi  flir  amphetniulne  therapy 
of  motloB  aiekitvai  (Bngllih) 

Tak^a  N,,  )dorlu  M,,  Yamatodanl  A..  Wada  H., 
Mataunaga  T.  (Japan) 

Avial.  B^ce Environ.  Med.  21(11)  1990,  pptOI8-l03l 


B-18 


Spectral  inihiab  of  uchriiitrli  retorded  durlni 
motion  ■Idnim,  [Rngliin] 

Stem  RM,  Koeh  KL,  Stewart  WR,  Lindblad  IM 
Pepartment  of  Piyohology,  Pennaylvania  State 
Unlveralty,  Univeralty  Park  16102.) 
OaalroMt<roti>gy22(l)len  1917,  pp92-7 


Nttclcor  mnllrliit  evaluation  of  nration  alclmeea  and 
mcdicallona  on  laitrie  emptying  time.  [Bnaliihl 
Wood  MJ ,  Wood  CD ,  Manno  iB,  Manno  BR,  Redetikl 
HM  (DetMflment  of  Radiology,  L.S.U.  Medical 
Center,  Shreveport  71130.) 

>|ylal  Spect  Environ  Mid  2|  (ll)Nov  19S7,  pplll2-4 


Cheraclerlatict  of  veitibular  reactloni  to  canal  and 
otolith  itimulallon  at  an  early  atage  of  tapoiurc  to 
mierogravlty,  IBngllihl 

Sirota  MO,  Babayev  BM,  Belooaerova  IB,  Nyinva 
AN,  Yaltuihln  SB,  Koilovikaya  IB 
Phytlologltl  3fl  a  SuppDFeb  19S7,  ppSS2-4 


(Effect  of  ephedrine  on  the  blood  aupply  and  oaygen 
regimen  of  the  brain  during  motion  alckncaa] 
VlTlanie  efedrlna  na  kravainahahanle  I  klalorednyi 
raihim  golovnego  mor.ga  pri  ukaehivanii.  IRuailan, 
Bngllihl 
Skoromnyl  NA 

Farmakul  Toksikot  jQ  (2)Mar-Apr  1917,  pp93-7 


[Effect  of  veatlbubHautonomlc  dlaordera  during 
hypokineala  on  regional  hemodynamica]  VUIanie 
vaallbulovageullvnyltn  nuatiolalv  v  ualovilakh 
gipekinerll  na  reglonamulu  gamodinamiku.  [Ruatlan, 
BngUah) 

Lapaev  BV,  Bednenko  VS,  Vorob'ev  OA,  Artamonov 
IN,  Zariukli  W 

ftv  Akad  Nook  SSSR  fblal/  Nov-Dee  19S7,  pp80S-l3 


Hormonal  alatua  and  fluid  electrolyte  metaboliam  In 
motion  tkkneat.  [Bngllihl 

Orlgotiev  Al,  NIehIporuk  I  A,  Yaaneliov  W,  Shaahkov 
VS  (Inititute  of  Blomadleal  Problemi,  Mlnlatry  of 
Heallh,  Moieow,  USSR.) 

Avial  Spacr  Environ  Mtd  22  (4)Apr  1981,  pp301-3 


Electrodernial  activity  ai  an  Index  of  mnlinn  alckncei, 
IBngllihl 

Warwick-Bvani  LA,  Church  RE,  Hancock  C,  Jochlm 
D,  Morrii  PH,  Ward  P 

Avial  Span  Environ  Mtd  22  (5)May  1987,  pp417-23 


Skill  potential  reflex  correapondlng  to  traniient  motion 
dlieomfort.  (Bngllihl 
till  N,  Tikahalhl  N,  Koo  J 
AvIai  Span  Environ  Med22  (6)Jun  1987,  )ip376-80 


Autonomic  effecti  on  R-R  varlatloni  of  the  heart  rate 
In  the  iqiilrrel  monkeyi  an  Indicator  of  autonomic 
Imbalance  In  conflict  alckncaa.  [Bngllihl 
lihll  M,  Igaraahl  M,  Patel  S,  HimI  T,  Kulcor.  W 
Am  J  Olalaiyngol  2  (3)May-Jun  1987,  ppl44-8 


Salivary  changca  aaioclated  with  experimental  motion 
alckneii  condition  In  man.  [Bngllihl 
Oordon  CR,  Ben-Aryeh  H,  Siargal  R,  Attlai  J, 
Rolnick  A,  Laufer  D  (Motion  SIckneii  and  Human 
Peifumanee  Laboratory,  lirael  Naval  Hyperbaric 
inititute,  Haifa.) 

J  Aulon  Nirv  Syti  22  (2)Mar  1988,  pp91-6 


[Effect  of  adaptive  btofeedback  on  the  aeverlty  of 
vcatlbulo-aulonomlo  aymptomi  of  experimental 
motion  alekncaa]  Vlllanie  adaplivnogo  bloupravlcnlla 
na  vyrahhcnnoit'  veitlbulovegelallvnykh  luoptomov 
ekiperlinenlal'nol  boleani  dvlahenlla.  IRuiiiin, 
Bngllihl 

Smirnov  SA,  Altikuv  OS,  Koaluvikala  IB 

Kom  BlolAvlakom  Mtd  ^  (4)lul-Aug  1988,  pp35-9 


Nyitagmui  epliodea  related  to  lea  ilckneai.  [Bngllihl 
Alllai  J,  Cordon  CR,  Bolnick  A,  Sade  J  (Sea  STckncii 
Reaearoh Center,  lirael  Navy  t.D.P.  Medical  Car|ii.) 
Arch  Oliirhlnolaryngol  2M  (2)  1987,  |ip84-7 


Vaioprcailn  and  motion  ilckneii  In  cata.  (Bngllihl 
Fox  RA,  Roll  LC,  Daunton  NO,  Cramptun  QH,  Lucot 
J  (Department  of  Piychology,  Son  Join  State  Univ.. 
CA  93192.) 

Anal  Spaet  Environ  Mtd  22  (9  Ft  2)Sop  1987, 
PPA143-7 


(iaitrolnlvatlnal  mntltiiy  In  apace  motion  alckneii. 
[Bngllihl 

Thornton  WB,  Linder  BJ,  Moore  TP,  Pool  SL 
(Ailronaul  Ofltoe,  NASA/Juhnion  Space  Contcr, 
Houiton,  Texai  77038.) 

,4Wn(  Span  Environ  Mtd  22  (9  Pt  3)Sep  1987, 
ppA  16-21 


llurmunal  reiponica  of  metoclopramldi^treiled  luldecti 
experlaoGUg  nauiea  or  emcali  during  parahollc 
fllabt.  [BnM 

Kohl  RL  (Divlibn  of  Space  Biomedicine,  Univerilllci 
Space  Reaearch  Aiioclatinn,  Houiton,  Texai  77038.) 
Avial  Spool  Environ  Mtd  22  (9  Pt  2)8cp  1987, 
PPA266-9 


Salivary  chanjM  niiocliled  with  •eailckneai.  [Bngllihl 
Cordon  CR,  Ben-Aryeh  H,  Szargel  R,  AlUai  J, 
Rolniek  A,  Laufer  D  (Motion  Slokneai  and  Human 
Pertormance  Laboratory,  lirael  Naval  Hyperbirio 
Inititute,  Haifa.) 

J  Aulon  Ntrv  Sysl  22  (DFob  1989,  pp37-42 


Kleclrngailrngriini  during  inuibn  itcknmi  In  failed  and 
fed  aubjecli.  IBngliihf 

Stewart  11,  Wood  MJ,  Wood  CD  (Departtnenl  of 
Phartnacology  and  ThcriyieutUa,  Lnulaiani  Stale 
Univerilly  Medical  Center  Shreveport  71 130-3932.) 
Avial  Spact  Environ  Mtd  2Q  (3)Mtr  1989,  pp2l4-7 


Cerebroapbial  fluid  conilltuenU  of  cat  vary  with 
tuacepllblltu  to  moibn  ilchneia.  (Bngllihl 
Lucot  JB,  Cramplon  OH,  Mataon  WR,  Qamaehe  PH 
(Departmanl  of  Pharmacology,  Wrtght  State 


Motinn  ■Ichnifi  and  giilrlc  myoelectric  activity  m  n 
fUMlIon  of  ipecd  of  rotntloo  of  ■  circular  veetbn 
drum.  |Bngllah| 

Hu  S,  Stem  RM,  Vaaey  MW,  Koch  KL  [Department 
of  Payohobgy,  Pennaylvania  State  Unlveralty, 
Univirilty  PaA  16802.) 

Avlol  SpMt  Environ  Mtd  22  (3)May  1989,  pp4 ' 14 


Sodium  coMcntrolloa  In  iilin  ahuif  th«  (inte  court*  of 
cxpcrimciilil  Corlolit  ilcknctt.  (Bngliihl 
lltniihl  M,  MioDonild  S,  Chte  SY.  PUihker  OA, 
Kohl  RL  (Doptttmwit  of  OtarhinoUryngology  «nd 
Communieitiva  SoUnoet ,  Biylor  College  or  Mediolnc, 
Houilon,  Texii  77030.) 

Ae/a  Olobuyiitol  (Slotkh)  lfl2  (S-6)Mty-iun  1919, 

pp4IS>l 


[The  «fr«cl  of  motion  iIcknMi  on  Ih*  dlurnil  rhythm  of 
th«  ilnui  node  of  the  hwrt  conduction  lyium] 

Vozdelitvle  uktohlvanlU  n>  iiuachnyl  ritm 
avtornttlzmi  tlnutovoga  uak  provodinihohal  iliwtny 
■crdtii,  IRuiilinl 
Mirohtnku  AM.  Neitwko  AO 
Vom  Mtd  a  Mty  1919,  rpS9-<l 


Neuroendocrine  nnd  laiirle  myoelectrlcnl  reepoiuc*  to 
llluiory  iclf-mollon  In  humeni.  IBngllihl 
Koch  KL,  Slcrn  RM,  Viiey  MW,  Seitnn  JP,  Detnert 
LM,  Htniion  TS  (Depertment  of  Mcdloine, 
Penniylvenli  State  Unlveriily,  Herahey  17033.) 

Am  J  PhysM2ii(^  n  Di’ch  >990,  ppB304-IO 


[The  etrehroraicular  iffecti  of  motion  ilcknena] 
Tierebro-vaakullimyeeffakiy  ukaohlvanlla.  (Ruialan, 
Bngliihl 

Muikalenko  luB,  Beketov  Al,  Makilmuk  VP, 
Skorotnnyl  NA 

Fitlat  Zh  SSSR  Zi  (1  l)Nov  1919,  ppl360-7 


The  liability  of  Individual  patterni  of  oulonomic 
rnponiei  to  motbn  ilcknni  atimulatlon.  IBngllihl 
Cowingi  PS,  Nairah  KH,  Toioano  ^  (NASA'Ainci 
Rcieareh  Center,  Mafrcit  Plaid,  CA  94033.) 

Avtal  Spact  SiiyIroH  Mid  fil  (5)May  1990,  pp39e-403 


AuUinomk  bidetca  during  the  v*etlbular>«kiual  conflict 
npoauret  a  iquirrcl  monkey  itudy.  tBngllihJ 
Igiraahl  M,  CnaeS,  MacDonalds,  HimI  T,  Takcda 
N  (Department  of  Otorhinolaryngology  and 
Communicative  Sciencii,  Baylor  College  of  Medlolno, 
Houiton,  Teaaa  77030.) 

Aurh  Nasm  Larynt  12  (2)  1990,  pp09-76 


Viaopreiilo  and  oxytocin  reepunace  to  lUuiory 
icif-motloo  and  uauiea  In  man,  [Bngllihj 
Koch  KL,  Summy-Lor.g  J,  Blngaman  S,  Sperry  N, 
Stem  RM  (Depirtnaenr  of  Medicine,  Pcnniylvanla 
SUte  Unlvenlty,  Henhcy  17033.) 

J  Clin  Smhirinol Milah  UiSWav  1990,  ppl269-7D 


Hormonal  changee  alHer  paraholle  niihti  liiipllcatloni 
on  the  dtvcMpmtnt  of  motion  ilclincii,  IBngllihl 
Drummer  C,  Stromeyer  H,  RiepI  RL,  Kunig  A, 
Strollo  P,  Lang  RB,  Maaai  H,  Rocker  L,  Oeraer  R 
(MciIlzInlieheKlinlk  Inneniladt,  Univerillat  Munohen, 
PRO.) 

Altai  Spaci  Knviron  Mad  (9  Pt  l)Sep  1990, 

ppl3l-S 


12.  ProvocflHve  SHmuH 

Vcatlbular-vlaual  eonfllcl  In  pitch  and  yaw  planet  In  the 
aqulrrel  monkey  (BngUinl 

iRtrtahl,  Makoto,  Kuleca,  Walter  B.,  Kobayaihl, 
keautoyo,  Itago,  Hldemltiu  (Baylor  Coll,  of  Medicine, 
Houilon,  Tax.) 

Avtallon,  Speer,  and  Bnilronmrnial  Midlelni  ^SSN 
mS-6S61>,  vol.  Sf,  Noijm,  p.  1071-1074. 


[The  signtfletnee  of  the  nhate  mitmalch  of  teniory 
tlsttalt  In  mechanltmi  of  motion  eickneet 
deveiopmtnt]  Znaehenia  Paxovogo  Raiioglaiovanlln 
Seniomykh  Signalcv  v  Mekhanizmakh  Razvitlla 
Ukachlvanlla  [Ruatian) 

Vorob’ev,  O.  A, 

Akadimlla  Saak  SSSR,  Itvisllla,  Sulla  Blolnilohiikala 
flSSSOOOi-SJiS),  5ipl.-Ocl.  tm.p.  7S)-761, 


Perlodle  acceleration  tllmulallon  In  apace  [Engllah] 
Burton,  Ruaiell  R. 

SAE,  Iniiriociiiy  Copfirinct  on  Snilronminial 
^sltnu,  IBlh,  San  DItgo,  CA.dufy  i4-2S,  19(19.  S  p. 


The  efficia  of  fixation  and  reetrlcicd  vlauti  field  on 
vt*tlon*lnduced  motion  ilcknmt  [BngllthI 
Stem,  Robert  M.,  Hu,  Seuql,  Anderion,  Rlchanl  B., 
Lelbowltr.,  Henohel  W.,  Koch,  Kenneth  L. 
(Pennaylvanla  State  Unlv.,  Unlvenlty  Park.) 

Aviation.  Spaa,  and  Snvlronmiiilal  Midhilm  (ISSS 
009S-AS6i),  wl.  61,  Aug.  1990,  p,  712-71}. 


Motion  tlckneta,  vliual  dltplayt,  and  armored  vehicle 
dctlgn  tBngliih) 

Proeeedlngi  of  a  Confbrenoe  on  Wraparound  Vliual 
DIapliyi,  Waltham,  MA  14-15  dan.  1918  (Naval 
Poilgraduale  School,  Monterey,  CA.) 

AD-A22267S1  BRL-CR-929 


Situational  awarenmt  and  vratlbiilar  itlinulalloni  The 
Influtnec  of  whole-body  rotation  upon  talk 
perlbrmnnee  [In  Dutch;  Bngllih  summary! 

WlenUei,  C.  J.  B.,  Blei,  WT  (Inatllute  for  Percoptlttn 
RVO-TNO,  Soeiteiberg  (Netherlandi).) 
aF-m9-l4i  TD-B9-l6Sli  BTS-90-97m 


[Space  adaptnllon  lyndrome  Induced  by  a  long  duration 
■PSGx  centrifuge  run]  Opgewekt  door  een  langdurlpo 
holaillng  van  -vyax  In  do  centrifuge)  IBnglUhj 
Bloa,  94.  ,  Boi,  J.  E,  ,  Furrer,  R.  ,  Oraaf,  B.  D.  , 
Hoaman,  R.  ).  (Initituto  for  Perception  RVO-TNO, 
Soeaterberg  (Netherlandi).)  IZP- 1989-23; 
TDCKI9-1033 

AD-A2la  24S/S/XAB  Jul  89,  4Sp 


Veitlbular  rctpontit  and  motion  ilekneii  during  pitch, 
roll,  and  yaw  tinuaoldal  whole-body  oaclllallon 
jingllahj 

Oueilry,  F.  B. ,  Norman,  I.  ,  Tumipieed,  0.  ,  Rupert, 
A.  (Navel  Aeroipaee  Medical  Rcaearch  Lab,, 
Peniicob,  PL.)  NAMRL-1352 
AO-A22J  mS/BlXAB  Mar  90.  I6p 


Role  of  orientation  relerence  wleclkm  In  moikio 
ilckneia,  Supplement  2S  IBngItihj 
Peterka,  R.  J,  ,  Black,  P.  0.  (Uood  Samaritan 
Hotpllal  and  Medical  Center,  Portland,  OR.)  NAS 
l.3ftUt393;  NASA-CR-I8t393 
SI7-J0O49/7/XAB  Oct  87,  lOp 
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SlgnUktnc*  of  itniorjr  iIiimI  ph»t  mtenMlch  In 
mcelMnlimi  of  moUnn  ilckncu  development 
(Abetriet  Only)  [EngUth  Tnnilttionl 
Vorobyev,  0.  A.  (Joint  Publlcitloni  Reieeroh 
Serviee,  Arlington,  VA.) 

Naa-267a7PIUB  lO  Jun  Bl,  Ip 


Role  of  orientation  reference  lelectlon  In  motion 
ilekneu.  Scmtanounl  Statue  report  [EngUehl 
Pelerkt,  R.  I.  ,  Bliok,  P.  0.  (dood  SimeriUn 
Huiplul  end  Medtcel  Center,  Portlend,  OR.)  NAS 
1.2^1I4«0«:  NASA-CR-II4«09 
N»8-i5SJS/9/XAB  Deo  II,  Up 


Veetkin  end  ilmutalor  ikkncii.  [Bngtlihl 

Hettinger,  Lewnnee  J.,  Beneum,  Kevin  S., 
Kenne^,  Robert  S.,  Dunlep,  Wllliem  P.  et  el  (Baiee 
Corp,  drlendu,  K.,  US) 

MttUary  Piycholog)  2  (3)  IMO,  ppl71-lll 


(Peripheni  dieelneee.  Treneport  eickneee  theripeutic 
ictunlity]  Veitljn.  Mel  dee  Trenepoita  Aotuelltiei 
'nierepeutlquee  [Preneh,  Engliih] 

Perrin  C,,  Seuvege  J.P.,  Perrin  A.  (France) 

Ann.  M«f.  Mtney  Bsl  21  (3)  1919,  ppl91-193 


Aeymmctrie  otolith  function  nnd  Incruecd  euKeptIblllty 
to  motion  elckncee  during  expoeure  to  verlilbne  In 

trivhotnertkil  iceeleritlon  level.  tBnglieh) 
eeknerJR,  Orayblel  A,  Johneon  WH,  Money  KB 
Avto  Spaca  Environ  Mta  J1  (7)Jul  1917,  pp«2-7 


Prediction  of  the  Incidence  of  motion  ilekneie  flrom  the 
megnttudei  frequency,  end  duretbn  of  verticil 
oecuiition,  [Bngllihl 

LewUter  A,  drimn  MJ  (Inititute  of  Sound  end 
Vibration  Reioireb,  The  Univereity,  Southempton, 
United  Kingdom.) 

J  Acaiut  Soc  Am  12  (3)Sep  1917,  pp9S7-66 


Slniieoidil  verticil  Uneer  iccelrritlon  end  inotlon 
ilekneee  in  equlrrel  monkeye  [Engliihj 
Wilpleeiki  C  R,  Lowry  I.  0,  Thompion  P  B  (Dcp. 
Otoleryngol.,  JefTereon  Med.  Coll.,  Philedelphle,  Pe. 
19107.) 

Annual  ScUnlUlc  Mttling  of  Iht  Atrospaat  Madlcal 
Ajuoclallon,  Mw  OrUant,  Louisiana,  USA,  May  8- 11, 
im.  Avial  Spaa*  Environ  Mad  12  d)  1911, 461 


Wide  ingle  ertiflcbil  horlion  le  frequently  perceived  ii 
non-norliontal  i  poulbli  problem  In  Ita  ute  fnr 

Erevcntlon  of  iciilekneii  (Bngllih| 
oinick  A,  Blee  W,  Oordon  C  R  (Motion  SleknoM 
Lib.,  Iiriell  Nivel  Hypeibirlu  Inat.,  Hallii,  linel.) 
Annual  Sclvntl/lc  Mvtllnn  o/  iht  Asrospac*  Mvdioal 
Assoelaltan,  WaaMnilon,  D.C,  tJSA,  May  7-11, 1981). 
AvIai  Spaea  Environ  Mad  ^  (S)  1919,  414 


Development  of  lUndirdlied  teat  nrocedurei  uilng 
revening  prkma  for  the  itudy  of  mollon  ikkneei 
[Engllihl 

Kolifi  J  J,  Brumley  B  A,  Vinderploeg  J  M,  Wood  S 
J,  Reachke  M  P  (luug  Int.  Teohnul.  Life  Sol.  Div., 
NASA'Johnaon  Space  Cent.,  Houaton,  Tex.  77091.) 
Slat  Annuel  Scunlfflc  Matting  if  tht  Atroapact 
Mtdical  Aaaatlailon,  Ntv/  Orlaana,  iMulalana,  USA, 
Mm  lS-17,  1990.  AvIal  Spact  Environ  Mad  61  (3) 
1990,  306 


Compiritlvc  lutiimcnt  of  vcitibutar,  optokinetic,  end 
opiovcatibulir  itlmulitlon  In  the  development  of 
experimental  mnthm  ateknwa.  lEngllah) 

Mitanev  El,  Kue'min  MP,  Zikhirovi  LN  (Inalltute  of 
Blomedieil  Problema,  Moaeow,  USSR.) 

AvkM  Spaea  Environ  Mad  U  (lO)Oet  1917,  pp934‘7 


Held  movementi  In  low  ind  high  grivltolnertlil  force 
envirootnenu  elicit  mollon  alckneiai  Impllcillona  fnr 
ipiee  motion  elckneii,  IBngliah) 

Liokner  JR,  Orayblel  A  (Aahlon  Orayblel  Spillol 
Orientation  Laboratory,  Brandela  Univaralty,  Waltham, 
Miaaaohuaelta  02234.) 

Avial  Spaea  Environ  Mad  U  (u  PI  2)Sep  1917, 
pp  A3 12-7 


The  kifltience  of  grivllolnertlil  force  level  on 
oculomotor  ind  percepluil  reiponaci  lo  audden  atop 
atlmuletlon.  |Bngllah| 

DIZIo  P,  Lackner  JR,  0X100(7  JN  (Aahlon  Orayblel 
Spatial  Orientation  Laboratory,  Brandola  Unlvorally, 
Waltham,  Maaaachuaetia  02234.) 

Avial  Spaea  Environ  Mad  21  (9  Pt  2)Sep  1917, 
PPA224-30 


Motion  akkneaa  and  motion  characterlaiica  of  veeaela  at 
aeo.  IBngliahl 
Lawther  A,  Oriflln  MJ 
Brgiinamlea  iillOlOiA  1981,  ppl373-94 


Motbn  aickneaa  leverlty  under  Interactlona  of  vectlun 
and  head  movemenU  (Bnallah) 

Yang  T,  Pol  J,  Howard  L  P  (Human  Perfurmanco 
Lab.,  Inat.  Spnee  and  Terreatrlal  Sol.,  103 
Paiquharaon  Slug.,  York  Univ.,  North  York,  Onl., 
Can.  M3J  1P3.) 

Slat  Annual  Seiamifle  Mtallng  <f  iht  Atroapact 
Mtdieal  A,saoelallan,  Saw  Orlaana,  Laulalana,  USA, 
Mm  Ii-17,  1990,  Avial  Spact  Environ  Mad  U  (9) 
19M,  306 


Shipboard  evaluation  of  motion  alekneia  incidence  and 
human  engineering  problema  IBngliahl 
Bittner  A.C,  Oulgnard  J.C.  (USA) 

7.  Uiw  fVev,  Hoiat  9li,  2  (3)  pp90-63 


Altered  aenaory-niotor  control  of  the  heud  aa  an 
etiological  factor  In  apace>molk>n  aickneaa.  IBngliah 
Laefciier  JR,  DIZIo  P  (Aahton  arayblel  Spatial 
Orientation  Uboratory,  Brandela  Univeralty,  Wollham, 
Maaaacbuaetta  03234.) 

Ptretpl  Mol  Shills  U  (3  Pt  l)Jun  1919,  pp7l4-6 


Adaptatloit  lo  vectlon>lnduecd  aymploma  of  motlnn 
aickneaa.  IBngliahl 

Stem  RM,  Hu  S(}>  Vaaey  MW,  Koch  KL  (Department 
of  Paychology,  Pcnnaylvania  State  Univeralty, 
Univeralty  Parit,  PA  I6S02.) 

AvIdJ  Spact  Environ  Mtd  fiQ  (6)Jun  1919,  pp366-72 
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Reduction  of  ebuiUy-lndueeil  motion  ilcknew  clkltcd 
b|  chtMM  In  lUumlnitlon  wncelength.  [Engllih] 
Doblo  TO,  Mty  JO,  Duninp  WP,  Andcrion  MB 
(Nml  Blodynnmici  Uborttaty,  Unlvcrilty  of  Now 
Orloini,  LA  701»-tM07.) 

Avlai  S^»  Bnvlron  Mtil  £)  (l)Aui  1919,  pp749-S4 


ComnrlNB  of  virloui  motion  itlmull  on  omtlon 
•knntH  nnd  acquliltlon  of  ndiptatlon  In  Suneui- 
mH»M,  rSniUih) 

Ki^l  T,  Salto  H,  Ueno  S,  Matiukl  N  (Department  of 
Chemleal  Phaimaeoloit^  Paoiilly  of  Pharmaeeutleel 
Sclenen,  Univenliy  ofTokyo,  Japan,) 

Jlkkn  DobHUH  U  (l)Jan  1990,  pp7S-9 


[Charaeurliilei  of  motion  ileknam  durlni  prolonoed 
ololMi  Mimulotlon  In  antl-orlhoitalk  poaltionl 
Oiobennoall  tMhenlla  boleinl  dvlihenlla  pri  dlllel'no] 
ololllovol  illmullalill  v  anilonoatalloheakom 
noloahanli.  [Ruialan,  Bngllth] 

Mitinev  Bl,  Iakovleva  Ita,  SerebKniilkov  Ml, 
OavrlUn  BK,  2akharova  LN.  NIehIporuk  lA,  liupov 
VO,  Markin  AS 

VmM  OlurlHolaflHtol  Jan-Peb  1990,  ppS‘14 


Tho  tffceii  of  (biitlon  nnd  rMtrkltd  vliuni  field  on 
vecUon-Induced  motloB  aleknoM,  IBngllihl 
Slem  RM,  Hu  S,  Andenon  RB,  Lelbowltv.  HW,  Koch 
KL  (Department  of  Payohology,  Penn  Stale  Univenliy, 
Unlverilly  Park  16103.) 

aAu  Invfron  M«f  fii  (IIAug  1990,  pp7IS-9 


13.  SoaSIcknMi 

Human  faetora  In  the  nival  environment)  a  review  of 
motion  ilckneai  and  blodynamle  problemi  IBngllihl 
Colwell,  J.  L,  (Defence  Reieareh  Biubllihmeni 
Allanlle,  Dartmouth  (Nova  Seotla).)  DRBA-TM-19/230 
AD-A3U  r)S/8/XAB  Sep  19,  70p 


Effect  of  ihip  roll  ilabllliatlon  on  human  performance 
IBngllihl 

Morkion  T  R,  Doble  T  0,  Wlllema  0  C,  Webb  S  C, 
Bndler  J  L  (Naval  Blodynamle!  Lab.,  New  Orleani, 
La.  70IS94)407.) 

6lil  Aimmt  Sclintfflc  M0tllhg  qf  Iht  Airospaet 
Utdical  AMoetalhHi  Ntw  Orltoia,  Loutilana,  USA, 
May  IS-i?,  IfifO.  Aylal  Spae$  Snyinii  Mid  fii  (S) 
1990, 477 


A  anrvey  of  the  occurrence  of  motion  ilckneia  among 
paiaengert  at  icn  tBngllih) 

Lawther  A,  (Jrifitn  M  J  (Init.  Sound  VIbrillon  Rea., 
Human  Paeton  Rei.  Unit,  Unlv,,  Southampton  S09 
9NH,  England.) 

AvIalloH  Ittaet  and  Envlifomtmal  Mtdlclna  (S) 

t9SS,  399.406 


Shipboard  evaluation  of  motion  ilckniaa  Incidence  and 
human  engineering  problem!  IBngllihl 
Bittner  A. C.,  OulgnardJ.C.  (USA) 

J.  Lew  Friq.  Nodt  Vih.  2  (3)  1988,  ppSO-65 


Phyilcal  and  adaptive  mechanlimi  In  iraalckncai 
tRnglldii 

Saeluga  J.,  Dolmlerikl  R,  (Poland) 

8M  Ttul.  Math.  Trap.  Mtd.  Ofyala  32  U-i)  1988, 
pp3944 


(Cauaa  and  trentment  of  icailckneail  Uriaehen  und 
BehandlunaderSeekrankhelt.  [Oerman,  Bngllah| 
Holtmann  S,  Seifert  J,  Scherer  H 
Laryiuoi  Khlnol  Olpl  tSiung)  (3)Peb  1987. 
pp99-T03 


Sick  at  leal  outbreak!  prompt  relnilaiemeni  of  crulae 
ihtp  Inipectlon!,  (BiigllihJ 
Koreok  M 

Con  Mrd /turn: /13fi(l2)Jun  IS  1987,  ppU98-300 


(SeaikkniHt  doioeffect  regtatrntloni  with  IIM.S 
Makkum]  Zeealekte-ondenoek:  duili-eflbel  metingen 
am  boonf  van  HR,  MS.  Makkum  [Dutch] 

Blea,  W,  ,  Boar,  L.  C.  ,  Kauning,  J.  A.  ,  VermeU,  P 
,  Wlenllea,  C.  J.  B.  (Initllute  fur  Pnrccptlon 
RVO-TNO,  Soeilciberg  (Nctherlandi).)  IZP-1988.9 
ms-IMSMi/XAB  cl9i8,  70p 


Wide  angle  artifkial  horlion  la  frequently  perceived  ai 
non-noriionlal  a  poulbk  problem  in  Ita  me  for 
prevention  of  leaikknea!  [Engllih] 

Rolnick  A,  Blei  W,  Oordnn  C  R  (Motion  SIckneii 
Lab.,  Iiraeli  Naval  Hyperbaric  Init,,  Hallk,  liriel.) 
Annual  ScItnlUlc  Matting  of  tht  Atroapaea  Mtdical 
Aatoolallon,  muhinglon,  D.C,,  USA,  M«jl  '/•//,  1989. 
Avlai  Space  Bnviton  Mad  (2  (5)  1989, 484 


(Seaikkncaa  at  Roit]  SUoiyke  p.ANO.a  Roat.  INorwoglan, 
Bhgllihl 

Michielien  PM,  Pugelll  P 

TIdaikr  Nor  Lutgtfortn  M  (24)Aug  30  1987, 
pp2022-9 


Nyilagmui  eplaodea  related  to  lea  akknena,  IBngllih] 
Attlaa ),  Oordnn  CR,  Bninick  A,  Sadc  J  (Sea  Slchneia 
Rcaearch  Center,  Uriel  Navy  I.D.P.  Medical  Corpv.) 
Arch  Olorhlnoktyngol  2dl  (2)  1987,  pp84-7 


Motion  akknei!  nnd  motion  charactrrbtka  of  veeieb  at 
aen,  [EngllihJ 
Lawther  A,  drimn  Ml 


k'rganorufMUflOIOct  1988,  ppl373.94 


A  aurvey  of  the  incMence  of  mnl  de  debarquement,  Ml) 
[Bngllihl 

SpItzerO,  Qordon  C  R,  Dewcek  I,  Shupak  A  (Motion 
Sickneii  Human  Pcriormincc  Lab.,  Uracil  Navil 
Hyperbarte  Inal.,  Halfh,  liraol,) 

Annual  Sclintl/lc  Matllng^of  iht  Atraapaer  Medical 
Aatoclalhn,  Hkihlngron,i3,C„  USA,  May  7-11, 1989. 
Avial  Space  Environ  Mad  £2  (9)  1989,  489 


Salivary  chanm  naaoclaled  with  aenakkntaa,  (Bngllahj 
Oordon  (?R,  Ben-Aryah  H,  Surge!  R,  AUtaa  ), 
Rolnick  A,  Laulbr  D  (Motion  Slekneia  and  Human 
Performance  Laboratory,  lirael  Naval  Hyperbaric 
inatitute,  HalDi,) 

J  Aulan  Narv  Syii  U  (l)Fob  1989,  pp37-42 


Seaacapee,  [Bngllah] 

Brown  CL 

Ala  Mad  Si  (3)Aug  1989,  ppl3.4 
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Motion  Gommotlon-i  •culckiioii  update.  (Bn(llih| 
PingrM  BJ 

J  H  Nav  htii  Sm  2i  (2)Sunimor  1 W9,  pp?5-l4 


[Sm  lieknMii  a  rorltw  of  etiolon,  palhoph]>iloloiri 
•valualldii  andtraatmeflt]  [H«iw) 

Shupak  Ai  Goraon  CR,  Melamed  Y 
Harrf\ah  HI  0)Pab  I  1«W,  ppl53-7 


Simulator  ilaknena  •  A  review  of  Ita  cotta, 
countermeaturea,  and  predietkm  |Bngllih| 

Prank,  Lawrence  H.,  Caaall,  John  a. 

£4B,  Attotpact  Tiehnolon  Coi\ftrtiwt  end 
ExposllloH,  Lent  Btdch,  CA,  Oci,  IS-16,  IfiBi,  J3  p, 


Airnchronoua  vliual  dclaya  and  the  development  of 
almulator  tkkneii  [Bngllihl 
Ullino,  Kevin  C,,  Kennedy,  Robert  B.,  Limben, 
BUubelh  Y. 

IN;  Hman  Feelers  Socistf,  Annual  Uttllng,  lah, 
Dmm,  OH,  Sept.  2f-Oei,  3,  I9S6,  Froestdints. 
Voimt  I  (AIT-hoOl  J3-S4).  Ssuila  Meniee,  CA, 
Human  Feelers  Society,  itM,  p.  4i3-4it, 


United  Statco  Air  Force  eapericnee  with  elmiilator 
aickneti,  reiearch  and  training  [Engllthl 
Kellou,  Robert  S„  auilngham,  Kent  K. 

IS.'  Himan  Feelers  Society,  Annual  Ueeilnp,  30ili, 
Daym,  OH,  Sepi.  3».Oei,  3,  I9lt,  Procudlngs. 
Vnlme  t  (AIF-33001  I3.S4).  Saniu  Monica,  CA, 
Human  Feelers  Society,  I9SS,  p.  437.439, 


Simulator  ilckneaa  •  A  problem  for  Army  aviation 
tBngllihl 
Crowley,  John  Sc 

Aviallon,  Specs,  and  Bnvlrnnininlal  Msdkint  (tSSS 
OfW-OJejJ.  wt.  33,  April  ml,  p.  333-337. 


Vehicular  elniulalnr^lnduced  ekkneu.  Volume  3i  Survey 
uf  etiolagkal  racton  and  rmtarch  Ikclllly 
requIreinenU  |t2ngliah| 

Caieli,  John  Q.,  WIcrville,  Walter  W.  (Virginia 
Pulyteehniu  Inn.  end  Slate  Univ.,  Bleeknburg.) 

AD  41732261  /BOA-'/R-SJOJ,'  SrSC-IK-HO-im 


'I'lit  elTfcia  of  aiynchronout  vliual  delayi  uti  timulator 
night  performance  and  the  devekiuincnt  uf 
.timulalcr  ikkneai  lyinptomatology  (Bngllthl 
Ulleno,  K.  C.,  Limbert,  B.  Y.,  Kennedy,  R.  S., 
ShepLwrd,  D.  1.  (Biioa  Corn.,  Orlando,  Pit,) 
AD-AIA0I961  NAYrRASYSCm36-t>4M36.l 


.Simulator  akkneii  •  Some  meaiuretneiil  iiiuca  (Gngluhl 
Ulltnn,  Kevin  C.,  Kennedy,  Robert  S. 

IS,'  Simulators  IV,'  Proesrdinss  itfihe  SCS  Caiifsrence, 
Orlando,  ft,  Apr.  6-9,  imfASt-33«67  07-66).  San 
DIeuo,  Ct,  Socisiy  for  Computer  SImulallon,  lnnr,p. 
102-104. 


I'racliig  the  ttlology  of  almulator  akknetii  |Bnuliih| 
Hettinger,  Uwronce  J.,  Kennedy,  Robert  S., 
Borbaum,  Ktvlr,  h. 

IS.'  Simulators  IV;  froctsdlm.i  ofihe  SCS  Coi^rsnet, 
Orlando,  ft.  Ape.  6-»,  mf  (AM-23S67  07-66),  San 
Dieto,  CA,  MeShr  Cempuler  SImulallon,  1967,  p, 
los-m. 


Vlaual  dlaplay  hietora  conu-lbuting  to  ilmulator  ilekneii 
IBngjIthI 

Heulnger,  LawreneaJ..  Nolan,  Margaret  D. ,  Kennedy, 
Roberts.,  Beibium,  Kevin  S.,  Sohnltiiui,  Kevin  P. 
IS;  Human  Facial's  Society,  Annual  Mssllns,  SIsI, 
Son  YofA,  SY,  Oct,  19-23, 1967,  Proeaedlngs.  Volume 
I  (A»8-3S40i  I4-S4J.  Santa  Monica,  cX  Human 
Factors  Society,  1967,  p,  497-501, 


Simulator  ileknaii  reaeareh  program  at  NASA'Amm 
Rciearch  Crntar  IBngllahl 
Meeauley,  MIohaol  B.,  Cook,  Anthony  M.  (National 
Aetonautlei  and  Spaea  Admlnletrallon.  Amoi  Roioareb 
Canter,  MoffeU  Field,  Calif.) 

W;  Human  Factors  Society,  Annual  Mstting,  SlsI, 
Hew  York,  HY,  Oct.  19-23, 1937,  Procssdings.  Volume 
1  (AfB-33401  14-34).  Santa  Monlcn,  CA,  Human 
Factors  Society,  1967,  p,  302-304. 


Rffecta  of  vliual  dlaplay  and  motion  ayatom  delayi  on 
operator  performance  and  uneailneti  In  a  driving 
ilmulator  IBngliihl 

Prenk,  Liwrenee  H„  Ceiali,  John  O.,  Wloiwllle, 
Welter  W 

Human  Factors  (ISSS 0018-7206),  vol.  30,  April  1966, 
p.  201-317,  Stt'iy-supporled  rtssarch. 


Cotttlatency  acroia  meaiurct  of  ilmulator  ilckncM  • 
ImpllcaUone  for  a  blocyhernetle  laftty  reporting 
devkc  (Bnjllih) 

Kennedy,  Robert  S.,  Baltcloy,  Dennii  R.,  Llllonihel, 
MIohiol  0.,  Allgood,  Olorin  0,,  Cower,  Dnnlei  W. 
IH;  SAFS  Associttihli,  Annual  Sympailum,  23lh,  La.i 
Vegas,  SV,  Sou,  16-19, 1967,  Proefedlng.iiAAV- 10453 
01-54).  Se^iall,  CA,  SAFS  Association,  1967,  p. 
93-100. 


Slmulntor  ikkneae  uii  the  Increaie  [Bnullnhl 

Kennedy,  R.  S.,  Allgood.  0.  O..  LlHenthel,  M,  U. 
IS;  AIAA  Fllghi  SImulallon  Technologies  Cnifrrence 
and  Bshibll,  Bnslon,  MA,Aug.  14-16,  1969,  Teclmlcol 
Papers  (A69-46376  2I-09),  Washlngli  n,  DC,  American 
Insikule  of  Aeriinaullcs  and  Asironauilcs,  1989,  p. 
63-67. 


Simulator  ikkneai  In  thn  Royal  Air  Pcrcei  A  eurvey 
lEngUahl 

Clianpelow,  J.  W,  (Royal  Air  I'oree  ln«t.  of  Aviation 
Mcdloine,  Hamlwruugh  (England) ) 

In  AOAKD,  Motion  Cues  In  Fllghi  Simulation  and 
Simulator  Induced  Sickness  II  p  (SEE  S69-I3I7I 
03-33) 


The  retittonahlp  between  luhitctlve  and  objective 
meaiurci  of  elmulnlur-lndiiced  ataala  [Engllahl 
Kantor,  L„  Magee,  L  B.,  Hamilton,  K.  M.  (Defence 
end  Civil  Inet.  or  BnvironmenUil  Medicine,  Downtvlew 
(Onlerio).) 

AD-A3I3095;  DCIEM-69-M-36 


CuidellNM  for  ellevlallon  of  ihnulator  alckotii 
lymptoinaloloiiy  tBngllahl 
Kennedy,  R.  I,  ,  Berbium,  K.  S.  ,  LIlienthel,  M. 
a.  ,  Dunlip,  W.  P.  ,  Mulligan,  B.  B.  (Nevil 
Training  Syttemi  Corner,  Orlindo,  PL.) 
NAVTRASYSCEN.TRI7-007 
AD  AI63  SS4/6/XA6  Mer  S7,  72p 


Simulator  sicknmi  In  Iha  All*64  Apaeh«  combat  mbilon 
llmulator  tBnuliihl 

Cower,  D.  W.  ,  LIlienthal,  M.  0.  ,  Kennedy, 
R.  S,  ,  PowUtee,  J.  B.  ,  Biltiley,  D.  R.  (Army 
AeromcdlonI  Reieareh  Ub,,  Port  Rucker,  At.) 
USAARL-M-l 

AD-AIM  4t9/9/XAB  Noe  87,  91p 


Simulator  Induced  ilekncM  In  the  CP-140  (Aurora) 
niibt  deck  llmulator  (Enfllili] 

HamUton,  K,  ,  Kenlor,  L,  ,  Hmlegrave,  R.  ,  Magee, 
L.  ,  Hendy,  K.  (Defence  and  Civil  tnil.  of 
BnvIronmenUI  Medicine,  Downevlew  (Ontario).) 
DCIBM-89-RR-33 
AD-A3I)  m/l/XAB  May  19,  35p 


Simulator  ilekniii  In  US  Army  and  Navy  flxod-  and 
rotary-wina  fllglil  ilmulalori  [Engllihj 
Cower.  D.  W.  ,  LIlienIhal,  M.  C.  ,  Kennedy,  R.  S. 
,  Powlkei,  J.  B.  Army  Aeromadleal  Reieareh  Lab., 
Port  Rueker,  AL.) 

Mf-l3l7l/4/XAB  elun  88,  20p 


Manlfielalloa  of  vbual/vaaltbular  dliruptlon  In 
•imulalorii  laverlty  and  amplrlenl  meaiurrment  of 
lymplomatoloiy  [BngUih] 

dfaiall,  I.  0.  ,  Prank,  L,  H.  (Virginia  Polytechnic 
Init,  and  Slate  Univ.,  Blaokiburg.) 
mS-WBJ/B/XAB  cJun  18,  I8p 


Simulator  iIcknMa  In  the  UII-<0  (Black  Hawk)  flight 
llmulator  (Bnallihl 

Cower.  D.  Wl  ,  Powlkei,  J.  (Army  Acromcdical 
Reieareh  Lab,,  Port  Rucker,  AL.)  USAARL-89-2S 
ADMI4  4J4/3/XAB  Sep  89,  75p 


Modflllni  operator  control  perlbrmance  and  well-being 
u  a  function  of  ilmulalor  vliual  and  nmtbn  lyitem 
tranipert  delayi  IBngllih) 

Prank,  L,  H.  ,  CaiaU,  J.  0.  (Paellle  Mliilla  Teat 


Center,  Point  Mugu,  CA.) 
Na9-l3ia3/6/XAi elm  81,  7p 


Simulator  ilckneii  In  the  AIMS  (Cobra)  flight 
llmulator  [Engllihl 

Cower,  0.  w;  ,  Powlkei,  J.  (Army  Aeramedicil 
Reiuareh  Lab.,  Port  Ruoker,  AL.)  OSAARL-89-30 
AD-A3I4  Sam/UB  Sop  89,  78p 


Simulator  l■cknrll  In  the  CII-47  (Chinook)  flight 
llmulator  IBngliih] 

Cower,  D.  }.  ,  Puwikei,  J.  ,  Baltaley,  D.  R.  (Army 
Aeromadleal  Reieareh  Lab,,  Port  Ruoker,  AL.) 
USAARL-89-38 

AD-A3ja  3t4IS/XAH  Sep  89,  72p 


Motion  CUM  In  flight  ilmulation  and  llmulator  Induced 
ilekneii  (Bngliah  and  Preneh) 

(Advlioiy  Croup  for  Arroipacc  Reieareh  and 
Development,  Neullly-iur-Selne  (Prance).) 
ACARO-Cp.433;  ISBN-92-833-0466-6 
NII9-I3I7I/9/XAB  eJun  88,  196p 


UtkikMlcal  ilgnlflcance  of  niulpment  fenlurea  and  pilot 
hutory  in  ilmulalor  ilckncii  [Bngllalil 
Kennudy,  R.  S.  ,  Beibaum,  K.  S.  ,  Alignod,  0. 
0.  ,  Lane,  N,  B.  ,  LIlienthal,  M.  0.  (Biicx 
Corp.,  Orlando,  PL) 

NH»-l3l73/7/XAa  eJun  88,  33p 


Artiologlcal  faelari  In  ilmulalor  licknrei  |Bngll»h| 
Beninn,  A.  f.  (Royal  Air  Poree,  Famboruugli 
(England).  Inil,  of  Aviation  Medicine.) 
Na$-I3l74/JMB  eJun  88,  8p 


[llorleoiital  aludy  of  the  Incidence  of  ilmulalor  Induced 
alckncei  among  French  Air  Pdrcc  pllota]  Elude 
horizonialode  nneldunea  du  mal  dei  limulateuri  dam 
lei  Poreei  Aerlennei  fhmeatiei  [Preneh] 

Legnr,  A.  ,  Sander,  P.  ,  Dalaliaye,  R.  P.  (Centre 
d'Eaaali  en  Vol,  Rretlgiiy-iiir-Orge  (Prance).  Uh.  de 
Medeelne  Aeroipallale.) 

mt-nns/o/xAB  ciun  as,  7p 


.simulator  induced  lickntM  among  llcrculei  aircrew 
[Engliahj 

Magee,  L.  B.  ,  Kantor,  L.  ,  Sweeney,  0.  M,  C. 
(DeTenee  and  Civil  Init  nf  BnvInnmenUl  Medicine, 
Downevlew  (Ontarin).) 

N(i9-ni7m/XAB  eJun  88,  8p 


(IttvMtlgatlon  of  llmulator  ilckncaa  and  an 
elcclronyiugmographlc  itudy)]  Bni)uele  lur  le  mal 
del  limulateuri  de  vol  eouplee  a  uno  elude 
nyitagmographlque  [Preneh] 

Oeheyn,  Q.  ,  Degiaff,  P,  ,  Vandenboioh,  P,  (Centre 
de  Medeelne  Aeroipallale,  Bruuali  (Belgium).) 
m»-l3l»)/4/XAB  eJun  88.  9p 


Cuce  for  training  vertigo,  providing  aunaeatloni  for  the 
management  of  ilmulalor  ilckncci  [ungilih] 

Norre,  M.  B,  (Univcrilty  Hniplul,  Leuven 
(Belgluni),) 

)4t9-l3msnUB  eJun  88.  4p 


Oculomotor  and  iuh)cctlve  rraponiee  tn  head  movemrnta 
made  during  and  afler  body  rotation  In  Irrreitrlal 
and  non-lerreitrlal  gravltolnertlal  force 
environmenli.  (Bngllih] 

DIZIo,  Paul  A.  (Brandeli  U,  Waltham,  MA,  US) 
Dhatrlalivn  AMfaeU  Inurnallonal  (3-B)  1987, 
pi  334 


Vection  and  llmulator  iIckOMU,  [Bngliih] 

Hettinger,  Lawrence  J.,  Berbaum,  Kevin  S,, 
Kennedy,  Robert  S,,  Dunitp,  William  P,  rl  al  (Biiea 
Corp,  (Irlando,  PL,  US) 

Mllliaty  Pnychuhgyi  (3)  1990,  p))17l-18l 


Detayed  effecla  of  llmulator  iIckoNi  Incidence  and 
(mpllcalloni  [Engllihl 

Ballaley  D  R,  Cower  D  W,  Kennedy  R  S,  Llllenihel 
M  0  iBaaea  Corp.,  1040  Woodvook  Ave,,  Orlando, 
Fla.  32803.) 

Aiiiiml  Seimlj/k  Mardny  <tf  ih*  Aaroapaet  MtdIeuI 
Auodallon,  New  Orhuiu,  Louhlnha,  USA,  May  B-13, 
IMS.  Aviat  Spact  BnWran  Mtd  22  (3)  1981, 463 


Control  of  almulaitir  ilckmei  laeldeoce  by  rlinulator 
ueaae  adaptation  and  other  meatu  (Engllihl 
Povvikei  J  B,  Kenney  R  8,  LIlienthal  M  (3,  Dunlap 
W  P  (Baica  Corp.,  1040  Woudou-  c  Road,  Orlando, 
Pll.  32103.) 

Annual  SeltnlfBc  Uttilnt  tj/'  )Ar  AtriauMt  Medical 
Auaekukin,  muHlnglon,o.C.,  USA,  May  711,  /9SP. 
AvkI  Spact  Snvinm  Mtd  ^  (3)  I9S9,  479 
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EfTcct  of  ihip  roll  •Ublllulion  on  huniin  pcrformincc 
IBngliihl 

Morriion  T  R,  Dnbia  T  O,  WUItmi  0  C,  Webb  S  C, 
Bndler  J  L,  (Nevtl  Biodyntmlei  Ub.,  Mow  Orleeni, 
U.  70189-0407.) 

6hl  Annual  Scimli/lc  Mttlint  ih*  Atrosaact 
Uidleal  AstoclaHon,  Ntw  Orluana,  Loulalana,  USA, 
May  11-17.  1990.  Aviat  Spac*  Bnviron  Mid  fil  (5) 
1990,  477 


Simulator  elekntM  a  problem  fbr  roloeraft  ilmulatlon 
tralalni  and  lalbty  fEngUih] 

MoCtuley  M  B  (Momeny  Teohnol.  too.,  Carmel, 
CtUr.  26»0.) 

6hi  Annual  Scltnl\flc  MiiHni  pf  ih*  Airoapaci 
Midlcal  Ajtociallon,  Ntw  Orltani,  Loulalana,  USA, 
May  13-17,  1990.  Avial  Spaei  Environ  Mid  dJL  (5) 
19W,  491 


The  time  count  of  poitflight  ibnulalor  tiekntta 
•ymptooiat  (Bngllahl 

mlutey  DR,  Kennedy  RS,  Borbium  KS,  LUtenlhel 
MO,  flower  DW  (Biaex  Coiporatlon,  Orlando,  Plorlda 
13801.) 

Avhl  Spaei  Environ  Mid  tfi  (1  DNov  1989,  ppl041-8 


Control  of  ilmulator  ilcknett  In  an  MI>M  aviator 
(Mtcri  comment]  [EngUih] 

Crowley  18 

AvittI  Spaei  Environ  Mid  U  (a)Jun  1990,  pp584-S 


Stmuhitor  tiekncii  to  an  army  ibnulalor,  [Engllihl 
Braltbwaite  MO,  Bralthwaltt  BD  (lit  Amoured  Field 
Ambulinee  RAMC.) 

J  Soc  Occup  Mid  dS  (3)Aulumn  1990,  pplOS-10 


[Motion  ikkneai  and  flight  ilmulatlon,  An  anamuNlIc 
Inveillgaltoo]  [Pieneh] 

Leger  A,  Sandor  P  (C.B.V./L.A.M.A.S., 
Bretlgny-iur-Orge.) 

Travaux  Selinll/lauia  Dia  Chtrchiura  Du  Sirvicl  Dl 
Same  Dia  Armila  (10)  1989,  23S-236 


Motion  atckneii  lymptoini  and  poilural  changm 
following  nighU  In  motkin>hiied  flight  tralnrri 
(Bngllihr 

Kennedy  R.9,,  Allgoad  0,0.,  Van  Hoy  B.W., 
.  I  M.O,  (USA) 


Llllenihal  M.O.  (USA) 

/  Law  rnq.  NtiUl  vlh.  (4)  1987,  ppl47-IS4 


Simulator  Induced  lyndrome  In  Coait  Guard  aviatori, 

[Engllihl 

UngiTJ  (Wright  Slate  Univerilty,  Sehoolof  Medielnc, 
De^on,  Ohio.) 

Avlal  Space  Environ  Mid  (3)Mar  1988,  pp2e7-73 


Space  Slckne.sa 

Space  motion  ilckncti  itatui  report  [Bngllih] 

NASA,  Johnaon  Spaoe  Center,  Houilon,  Ta  (National 
Aeronavtlci  and  Space  Admlnblratlon.  Lyndon  B. 
lohnion  Space  Center,  Houaton,  Tex.) 

IN:  Airoapaci  invironmintal  ayauma!  ftociidinta  oj 
ihiSbaiimh  Iniiraoeliiy  Contirineian  Environminial 
Syatima,  San  Dligo,  CA,  July  14-16, 1966  (AS7-SB70I 
16-141.  Warrinaali,  FA,  Soclily  of  dMlomullvr 
Englniira,lnc.,  I9g6,  p.  119-131. 


Intcrlabyrlttthlneaiymmetry,  veitlbular  dyifunrllun  and 
apace  motion  aickniti  (lingllahl 
flnrgliadxe,  fl.  I.,  Samarin,  0.  I.,  Bryanuv,  1. 1.  (Joint 
Puhlleitinni  Roaeareh  Service,  Arlington,  Va.) 

In  iia  USSR  Ripartt  Space  Blahty  and  Airu.tpaei 
Midicini,  Vol  30.  No,  3,  May  -  Jun,  1946 
(JFR5-VSB-E6-OOSI  p  31-36  (SEE  NH7-3073I  13-13) 


ErfMla  of  vliual  diaptoy  and  motion  lyatem  delaya  on 
operator  performance  and  uneaiineei  In  a  driving 
ilmulator,  [Engllihl 
Prank  LH,  Caiall  JO,  Wlerwillc  WW 
Hum  Faclara  ^  (2)Apr  1988,  pp20l-l7 


Simulator  ilckiieti  In  U,S.  Navy  flight  ilinulatora 
[publbhed  erratum  appeari  In  Aviat  Space  Knvirun 
Med  1989  May|60(5)t471|  (Rngllahj 
Kennedy  RS,  Llllenthal  MO,  Bettinuin  KS,  lliill/ley 
DP,  McCauley  MB  (Eaaex  Ciirpnratlnn,  Orlandu,  VI, 
32803.) 

Avlal  Space  Environ  Mid  ^  (llJan  1989,  [iplO-O 


[The  inacc  adaptatlun  lyndronie]  Le  Syndrome 
ri'Adapuiinn  a  I'Binaco  [Prenchl 
Didicr,  Vcronli|Uo  (Nancy  Univ.  (Prance).) 
BTN-67-90130 


Adaptive  changie  In  perception  of  body  orientation  and 
ineotat  l*nagr  rotation  In  microgravily  IBngliihl 
Clement,  Olllea,  Bcithoa,  Alain,  Leatlenno,  Praneli 
(NASA,  Univirslilia  Spuci  Eisiarcli  Aaaoclailun, 
Baylor  UHlnrvlIy,  aiul  Inlirnalional  Aemlimy  of 
Axlronaullc.i,  Inlirnalional  Man  In  Space  Sytnpiwluin, 
7ih,  Houalon,  TX,  Fth.  10-13,  1966)  Aviailon,  Spaei, 
ami  Environminial  Midicini  U  (Sept)  1987  pp 
A1S9-A163. 


LImItationi  of  poalural  equilibrium  traU  for  examining 
ilmulator  itoknMa.  [Engllihl 
Hamilton  KM,  Kantur  L,  Maacc  LB  (Defence  and 
Civil  Inilittile  of  Environmental  Medicine,  Oownavlew, 
Ont.,  Canada.) 

Avlal  Space  Environ  Mid  fiQ  (I'Mar  1989,  pp246-3l 


Sliiiutolor  toduced  ayndromei  evidence  fur  long-term 
aflercfficu,  [Engllihl 

UngiTJ  (Wright  State  Univeralty  School  ofMedklnu, 
t)aWoi\,  Ohio.) 

Avlal  Spaci  Environ  Mid  gQ  (3)Mar  1989,  pp252-S 


A  nturupharmacoloslral  approach  lu  ipurr  mulioii 
ikkneii  [Englbhr 
Ouetl,  Amonlo 

lAF,  Imirnallonal  Aaironaullcal  Congriaa,  1616, 
arlg6ton,  England,  Del.  10-17,  1967.  6p. 


InfliaKi  and  noatfllght  cmuHi  on  the  cauiailou  of 
tovenkw  Uiuikma  and  apace  ikkncii  [Engliahl 
Mlttclitaedt,  K. 

IN;  Nordimiy  Sympo.tlum  on  Schmyic  EiauUa  of  l6i 
airman  SpcurrlaP  Mlaalon  Dl,  Nordirniy,  Fidiral 
BipuMIe  ^Onrnany,  Aug.  37-39,  1966,  Froeildliigi 
/A66-376!l  1039)  Cohgni,  Fidirul  BepuMIc  M 
WlaainaellgftlkkiFnriiktfiuhrungDI,  1967, 
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Follow  up  of  the  loitrle  emptylot  (GO)  by  ullrowundt 
liter  I  itrcM  (roiatlni  chilr)  -  Intercil  of  Ihli 
method  la  ipoce  durlni  ipiee  motion  ikknen 

[Bngllih] 

Afhollle,  Ph.,  Vilmille,  R,,  Pitit,  F.,  Poltler,  I.  M., 
Flukof,  L. 

(iHitrHailvnal  UkIph  qf  Hiyiloloilcal  SclmciJ 
Commission  on  Oravllallonal  Physiology,  Annual 
Mssling,  Slh,  Nllra,  Ctschoslovakla,  Sspi,  39'dti.  3, 
1987)  Physiologist,  Suppltmsni  (ISSNOa3l-9]?6),  sal. 
SI,  M,  1988,  p,  sJi,  S-87, 


SpiceUb  3  flight  experiment  No.  3AFT23: 
AutogenlC'feedbMk  trifolni  ii  i  prerentlve  method 
for  ipice  idipUtlon  yrndrome  tBngtlihj 
Cowlngi,  Pitrieli  S.,  Toieino,  WUIlim  B.,  Kimlyi, 
Joe,  Miller,  Nul  B.,  Sharp,  Juieph  C.  (Nitlonil 
Aoroneutloi  end  Spaco  Admlnlitrillon.  Amci  Reieemh 
Center,  MnITeltPleld,  CAO 
NASA-TM-894I2I  A-870S4!  NAS  I.  IS.'894I3 


A  new  penpertlve  In  the  etiology,  treatment,  prevention 
and  prediction  of  ipice  inotlon  ilckneae  |Bnglliih| 
Mornlei,  Rogello,  Ir.  (Air  Force  Inet.  uf  Tech., 
Wrlght-Pallenon  APB,  OH.) 

AD‘A30Sat0;  APIT/asomsa/88D-3 


Changee  In  cireidtia  rhythm  of  multiple  hormonm  ind 
their  relitlonihlp  with  Indirlduii  lUMcptlhlllly  In 
llmulited  welghtleaineii  [Bngllih) 

Liu,  Kijla,  Sun,  Hongyuin,  Lu,  Jun,  Zheng, 
Ouenmlng,  Pen,  XIaowu 

lAF,  Inlsrnallanal  Asiranaulkal  Congnss,  40111, 
Malaga,  Spain,  Qtu  7-lS,  1989.  9p. 


Biochemical  correlalea  of  neuroteneory  changea  In 
welghtlHincii  (Bngliihl 

Leach,  Carolyn  S..  Reichke,  Millard  P,  (National 
Aeronautlea  end  Spaoe  Adminitirallun.  Lyndon  B. 
Johnion  Space  Center,  Houeton,  TX.) 
lAF,  Inlsrnallanal  Aslronaallcal  Congrtss,  40lh, 
Malaga,  Spain,  Ocl.  7-13,  1989.  S  p. 


Periodic  acceleritlon  athnulalion  In  apace  [Bngllahl 
Burton,  Ruaaell  R. 

SAE,  Inisrsaalsly  Confsrsncs  an  Enslranmsnlal 
llyslsms,  I9lh,  San  DIsgo,  CAJUly  24-36,  1989.  6  p. 


laNtiee  In  developmenl,  rviluathm,  and  uir  of  the  NASA 
Prefllght  AdapUtlon'I'ralner  (PAT)  |Eimllih| 

Lane,  Norman  B.,  Kennedy,  Robert  8.  (Baeex  Cnri)., 
Orlando,  PL.) 

NASA  CR  I8S608,  NAS  l.36:IHSm,'  EOTK-88-9 


Development  of  methodi  for  the  itudy  of  apace  motion 
alekniat  tBngllah  Tranalatlon) 

Matveyev,  A.  D.  (Joint  Publleailoni  Reicaroh  Service, 
Arlington,  VA.) 

NS8-IS408/S/XAB  aim.  Up 


[Prellmtnary  itudlea  of  the  pharmacoloKlcal  control  of 
apace  alekneai]  Btudea  prellmlnelrea  au  eontrole 
phartnaeologlque  du  mal  de  Paapace  (Prenchl 
Milhaud,  C.  ,  Lagarde,  D.  ,  Plorenoe,  0.  (Centre 
d'Btudoa  et  de  Reoherehea  de  Medeelne  Aeroapatlele, 
Parla  (Prance).) 

PB89-2I94480CAB  19  Dec  8S,  27p 


Spacelab  experlmenia  on  apace  motion  alcknma  [Bngllah] 
Oman  C  M  (Man  Vehicle  Lnb.,  Dep.  Aeronautlea 
Aatronautlca,  Maaa.  Init.  Technol..  Cambridge,  Maaa. 
02I3P.) 

Acta  Aslronamlca  U  (1)  1987,  39-66 


The  relatlonahip  between  prefllght  underwater  training 
and  apace  motion  alcknma  [Engliabl 
Youmana  B  M,  Charlea  J  B.  Santy  P  A  (Med,  Scl, 
DIv.,  Johnaon  Spaoe  Cent.,  Houaton,  Texaa  77058.) 
Annual  Sctsnil/lc  Mseiing  of  ihs  Asrospacs  Mstileal 
A.ssoelallnn,  Las  Vsgas,  Nssada,  USA,  May  10-14, 
1987,  Avlal  Space  Environ  Mid  U  (5)  1987,  497 


Space  motion  alcknma  prefllght  prcadaptatlon  |Bngllah| 
Parker  D  B,  Arrott  A  P,  Rcachke  M  P.  Vnn  CleMte  H 
B,  Rock  3  C,  Liehtenberg  B  K|  (Dcp.  Payohtil., 
Miami  Unlv.,  Miami,  Ohio  45056.) 

Qrtdmm,  M.  t).  and).  L.  Ksmink  (id.).  Till  Vi.nlhnlor 
^slim;  Niiirophysluloglc  and  Clinical  Risiarcht 
Thirliinlh  Mining  qfihi  Barony  Society,  Ann  Arhor, 
Michigan,  USA,  May  21-34, 198S.  xvilta-dSlip.  kavin 
Priis;  Niw  York,  Niw  York,  USA.  Illas.  ISBN 
0-88I87-306-8.  1987,  67-70 


[Kxperlcnce  with  developing  methuda  for  atudylng  aparr 
motbn  alcknma]  IRuiaianl 
Matveev  A  D 

Kosmichiskaya  Blaloglytt  I  Avlaku.s’nlclii.vkaya 
Mldllslna2HV  1987,  83-88 


Neurohumoral  mnhanlam  of  apace  motion  alcknma 
lEngliahl 

Origorlev  A  I,  Egorov  A  D,  Nlehiporuk  I  A  (Inal. 
Biomedical  Problema,  Muaeow,  USSR.) 

Sileclid  Papers  fiom  a  Syn,po.siam  on  Spaci  Lift 
Sclincis  Hild  at  thi  S7lh  Intirnallonal  Asironaullcal 
Fidiralian  Cungriss,  lnn.sbruck,Au.sl>la,  Oclobir4-ll, 
1986.  Acta  Astronaut  U,  (2)  >988,  167-172 
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Canada.) 

Physiol  Belmv  £2  (3)Mar  1990,  pp4«7-70 


[The  effect  of  biofeedback  control  tin  the  aeverlly  of 
veitibulo-aulonomic  lyinploma  of  experimental 
motion  alckneia.l  IRiiaalam 
Smirnov,  S.  A.,  Alzlkuv,  0.  S.,  Kuzlovakaya,  I.  D, 
KiKimkheakayo  Blologlya  I  Avlakosmlcheskuya 
Medllsina  22  (4)  1988,  pp35-39 


A  coinparkoii  uf  two  inellnxla  uf  Irubiing  rcablancr  to 
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Dnhlo,  Tluimaa  0,,  May,  Jainea  0.,  Piauher,  Wanda 
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VII  Iniernallonal  Man  In  Space  Syinpoahun;  Pliy-doliiglc 
uJapUillon  qf  man  In  apace  ifvsn,  Huulvn,  Texaa) 
Aviation,  Space,  A  environmental  Medicine  St  19,  Sect 

2)  1987,  PP34-4I 


Annual  Selenidlc  Meeting  of  the  Aeroapace  Medical 
AaaocIcUhm,  New  Orleana,  Uoulalana,  USA,  May  S-J2, 
im.  AvIal  Space  Environ  Med  22  (5)  1988.  481 


igenlc-feedbick  training  aa  a  preveniiee  method  ftir 
apace  adaplnlkm  ayariromc  on  Spaee-I,ab  3  (Bngllahl 
Cowinia  P  S,  Tuacano  W  B,  Kumlya  J,  Milter  N  U, 
Sharti  J  C  (NASA-Ainea  Kea.  Cent.,  Muffblt  Field, 
Calif.  94035.) 
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Mt'ihod  U)  prevent  and  (mat  Ihv  ultiiia  and  ij  inpUiins  ot 
moliun  sicknni  US  palrnt-4777170.  Oclitbrr  II 
19811  lUnalUhl 

Heinrich  W  A  (569  Aihland  Rd.,  MIddIcux,  NJ. 
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Official  Oasclli  of  ihi  VnUtd  Siaits  Paltnl  aiul 
nadtmark  Offict  Palinu  1095  (2)  1911,  147 


Wide  anile  irUflelal  horiion  b  fraquenlh  perceived  ai 
non-Wlaantil  a  poatible  proolem  bi  ha  uac  for 
prevenlloa  of  leaikkncaa  lEngllih) 

Ralnick  A,  Blea  W,  Gordon  C  R  (Motion  Sioknna 
Lab.,  Itraell  Naval  Hyperbaric  Inal..  Haifa,  lirael.) 
Anniial  Scltiulflc  Mtttliii  of  (Ac  Atnapaci  Mtilleal 
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IBngllili) 

Hu  S,  Stem  R  M,  Koch  K  L  (Dep.  Piyehol.,  Penn. 
Sute  Unlv.,  Unlveriity  Park,  Pa.) 

Ahiiracis  qf  Papers  Submitted  lo  ihr  American 
Arsmlallonfar  Ihe  Study  id  Liver  Diseases  for  the  9lsl 
Annual  Meeting  qf  the  American  Oasirvenlerahgical 
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1990.  Oasiroenieralagy  21  (5  Part  2)  1990,  pA6S7 


The  effect  of  training  achedule  on  learned  auppreeilon 
of  motion  ilekneii  lympiomi  uting 
autogenic-feedback  training  (Bngllihl 
Toicano  W  B,  Cowing!  P  S,  Kamlya  1,  Scott  D. 
RUiiel  T,  McKay  C  (Space  Life  Scl.  Div., 
NASA-Amc!  Rei.  Cent.,  Moffett  Field,  Calif.  94035.) 

tisl  Annual  Scleni(flc  Meeting  of  the  Aerospace 
Medical  Association,  New  Orleans,  Louisiana,  USA, 
Mas  13-17,  1990.  Avial  Space  Environ  Med  JU  (9) 
1990, 414 


[The  effect  of  blofetdbaek  control  on  the  aevcrlty  of 
veatlbulo-autonomk  aymptoma  of  experlinenlal 
motion  aickneu]  (Runian,  Engliihl 
Smirnov  S.A.,  Alzlkov  a.ST,  Kozlovckaya  I.B. 
(USSR) 

Kasm.  Biol.  Aviakosm.  Med.  22(4)  1988,  pp35-39 


Transfer  of  perceptual-molor  training  and  the  spare 
adaptation  syndrome,  [Enallilil 
Kennedy  RS,  Berbaum  KS,  Wllllanii  MC,  Brannan  J, 
Welch  RB  (Bsaca  Corporation,  Orlando,  FL  32803.) 
Avial  Space  Environ  Med  (9  Ft  2)Scp  1987, 
ppA29-33 


Kfrevts  of  proposed  prellight  adaptation  training  on  eye 
niovements,  self-motion  perception,  and  niotkin 
sicknevs:  a  progreii  rmwrt.  (Engllshi 
Parker  DB,  Reschke  MP,  von  Olerkc  HE,  Leuard  CS 
(Space  Biomedical  Research  Inatitute,  Johnaun  Space 
Center,  Houalon,  TX  77058.) 

Avial  Space  Environ  Med  21  (9  Pt  2)Sgp  1987, 
ppA42.9 


[Effect  of  adaptive  blofeedback  on  the  severity  of 
veatibulo-iulunoinic  symptoms  of  experimental 
motion  alekncss]  Vlllanle  adaptivnogn  hioupravlenliii 
na  vyrazhennost'  veatibuluvegctativnykii  slmptomov 
cksperintonurnol  bole/nl  dvi/henila.  [Russian, 
Engllshi 

Smirnov  SA,  Alzlkov  OS,  Kozlovskab  IB 

Kosm  Biol  Aviakosm  Med  22  1988,  pp33-9 


An  evaluatton  of  cognitive-behavloril  therapy  for 
training  reiblance  lo  vbuiUy-Indueed  motion 
sickneas,  (English) 

Dobie  TO,  May  JO,  Piahrr  WD,  Bologna  NB  (Naval 
Biodynamlea  Laboratory,  MIchoud  Station,  New 
Orleans,  LA.) 

Avial  Space  Environ  Med  IQ  (4)Apr  1989,  pp307-14 


Aeuprcuure  and  motion  abkness,  (Engllshi 

Bruce  DO,  Golding  IP,  HuckenhuU  N,  Pethybrirtge  RJ 
Hnatitute  of  Naval  Medlvlne,  Gosport,  Hants, 
Bngbnd.) 

Avial  Space  Environ  Med  12  (4)Apr  1990,  pp361-5 


JJ.  Tteatment  ttlth-druts 

A  neuropharmacologleal  approach  to  spare  motbn 
aieknea!  [Bngllahr 
Ouell,  Antonin 

lAF,  Iniernoilonal  Aslronaullcal  Congress,  3Slh, 
Brighton,  England,  Oct,  10-17,  1987.  6p. 


[I‘rellmlnary  sludlei  of  the  pharmacological  control  of 
space  sickness]  Etudes  prellminaircs  au  controlc 
nnarmacologlque  du  mal  de  I'csjnacc  (French) 
Milhaud,  C.  ,  Lagarde,  D.  ,  Florence,  G.  (Centre 
d'Btudcs  et  dc  Reeherches  de  Mcdecine  Aerospatiale. 
Paris  (Prance),) 
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Transdermal  scopolamtnei  effects  upon  psychological 

Krformanceand  vbual  functioning  at  sea,  [Bnmishl 
rmtt.  A.  C.  (North  Bast  London  pnlytcehnlc. 
Bnglsitd) 

Hman  P.svchophartnacohgy  Clinical  i#  Experimental 
2(2)  1988,  ppll9.125 


Pour  active  Ingredients  declared  effective  fo>  motion 
sickness  (English] 

Anon 

American  Pharmacy  22  (10)  1987,  22 


(I’rableins  of  drug  prophylaxb  of  motion  sickness] 
(Russ  Inn) 

Sliashkov  V  S,  Sabuev  V  V,  ll'lna  S  L,  Onllc  R  R 
(Inst,  Med -Biol.  Prohl.,  Mlnlst.  Health  USSR. 
Museuw,  USSR.) 

Farmakologlya  I  Taksikvhgtva  (Mfuciivt')  2g  (3)  1987, 

S-20 


Assessment  of  the  rfliracy  of  medical  cuunleriiieasurH 
In  space  flight  (English) 

Nlcoaosslan  A.  Sulzinan  P,  RadUtc  M,  Bungo  M 
(NASA  Hcaduiiarters,  Life  Scl.  Div.,  Washingtuii, 
D.C,,  USA.) 

Selected  Papers  from  a  Sympcsiun  on  Space  Llfv 
Sciences  Held  at  the  37lh  International  A.ilronaulleal 
FederalhnCongress,  lnn.sbruck,Auslrla,  October d-ll, 
I98S.  Acta  Astronaut  H  (2)  1988,  195-198 


IKiSf  ffTo'l  curve  for  wop-drx  in  iiinliun  sickness 
[Linglikhl 

Wood  M  J,  Stewart  J  J.  Wood  C  D,  Manno  J  G. 
Manno  B  R,  Mima  M  G  (LSD  Med.  Cent.,  Bna 
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Annual  Scitntulc  Mteting  of  iht  Aeranpace  Merfica/ 
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Avim  Space  Environ  Med  Jjj)  (S)  1989,  492 


Evaluation  of  the  efflcicjr  and  aide  efTecti  of  buecal 
scopolamine  In  the  treatment  of  motion  tlcltneai 
[Enallsh] 

de  utoannl  J  J,  Johnion  P  C  Jr,  Cintron  M  M,  Cilkina 
D  S  (Spice  Blomed.  Rea.  Inst. ,  NASA  Johnaon  Space 
Cent.,  Houaton,  Tex,  77058.) 

Annual  Scienliftc  Metiing  of  the  Aeroapace  Medical 
Association,  Washington,  D.C.,  USA,  May  711,  IWtV. 
Aviat  Space  Environ  Med  (5)  1989,  506 


Evaluation  of  the  cflicacy  of  buccal  acopolamine  tableti 
1,0  ma  In  the  treatment  of  acute  motion  iicknea.i 
(Englianl 

do  Oloanni  J  J,  Calkins  D  S,  Rcichke  M  P  (Space 
Biomed,  Rea.  Init.,  NASA  Johnioti  Space  Cent., 
Houston,  Tex.  73058d 

Alst  Annual  Scientific  Meellng  of  the  Aero,mace 
Medical  Association,  Hew  Orleans,  Louisiana,  USA, 
May  11-17,  jm.  Aviat  Space  Environ  Med  £1.  (5) 
1990,  484 


A  placebo  controHed  study  of  clnnarUlne  In  (wo 
different  doaea  tor  the  prevention  of  sea  akhneas 
mngllshi 

bciwcck  I,  Oordon  C  R,  $plt/.ur  O,  Shuapik  A 
(Motion  sickness  Human  Pcribrmince  Lib.,  Israeli 
Naval  Hyperhirlo  Inst.,  Haifi,  Israel.) 

(1/,W  Annual  Selenllfic  Meeting  of  the  Aerospace 
Medical  A,noclailon,  Hew  Orleans,  Louisiana,  USA, 
Mm  13-17,  1990.  AWar  Space  Environ  Med  fii  (.4) 
I9W.  490 


I'liaruiacoloilcal  control  of  apace  alckneas  value  and 
llinita  of  the  rhwua  model  Macaea-mulalla  IBngilshl 
Milhaud  C  L,  Liaario  D  P,  Plorcnco  0,  Tran  C  C 
(Cent,  Etudes,  73731  Paris  Cedex  13,  Pr.) 

Slat  Annual  Sclenll/lc  Meellng  rf  the  Aerospace 
Medical  Association,  Hew  Orleans,  Louisiana,  USA, 
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IKne  rnipunae  of  plienytoln  in  the  therapy  of  iiiullnii 
alckneas  tBnglishl 

Chelcn  W  B,  Ksbrisky  M,  Royers  S.  Morales  R  (Dep, 
Elec  Gny.,  Alt  Porcc  Inst.  Tcdiniil..  Duylon,  Oltio 
43433.) 

Slsi  Annual  ,9clenr(/lc  Metliug  of  the  Aerospace 
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May  1317,  199(1,  Avial  Space  Environ  Med  61  (3) 
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A  controlled  clinkal  trial  of  the  addllkm  of  tranadvrinal 
scupolaniine  to  a  standard  inetocl^ramide  and 
dexamethasone  antlemetic  realinen  (Enyllshl 
Meyer  B  R,  O'Mars  V,  Reldenhery  M  M  (DIv. 
Clinical  Phamiacul.,  North  Shore  UiiTv.  Hosp  ,  300 
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t.ack  of  antihlslaininr  pnipcrliivi  of  sijiyic  dusr 
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Torrent  J,  Bitbino|  M  J,  Dc  La  Puente  V,  Jane  F 
(Clinical  Pharmieol.  Res.  Unit,  Hosp.  de  Sant  Pan, 
Avda,  S.  Antoni  M.  Claret  167,  Barcelona  08023, 
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Methods  and  Findings  in  Exprrilnenlal  and  Clinical 
Pharmacology  10  (10)  1988,  663-666 


(Medical  prevention  of  motion  aiekncaa  operational 
aapecta]  (French) 

Loger  A,  Sandnr  P,  Kerguelen  M  (L.A.M.A.S,, 
Bretlgny-sur-Oruo.) 

Travanx  Scienillu)Ues  Des  Chercheurs  Du  Service  Dr 
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[Prevention  of  sea  akkneas  with  transdermal 
acopolamine,  dimenhydrlnate  and  a  pluceht)] 
Traltamentn  prevenlivo  della  naupatli  eon  senpolsmina 
per  via  tranaculanca  (TTS),  dimenidrinato  c  placebo 
{Italian,  English) 

Vlgliana  R.,  Clrillo  V.,  Sahalo  P.,  CationI  M.  (Italy) 
Oatz.  Med.  Ilal  ■  Arch.  Scl.  Med.  116  (9)  1987, 
pp391-394 


(Treatinent  of  mutlon  slcknsaa  with  acopniaiiilne  by  the 
traniderrnal  roiilr]  lluillan,  English) 

Sahalo  F,,  Vigllano  R.,  Clrillo  V.  (Italy) 

Ann.  Med  Hav.  22(1)  1987,  ppl  1 1-116 


Anll-emetlc  dru||a  and  the  treatiiirnt  of  nausea  and 
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oO 
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Tile  aiill-eiiietk  propertlni  of  /-sulpiride  In  a 
around-haard  iiuidel  of  space  iiiolkin  skkm.ta, 
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A  doiibl(‘-l)llnd  placeho-conlrolled  rntnparlaon  of 
hyoselne  with  clnnarlrlne  In  liicrrasliig  ttilrranrr  to 
a  naiiaengenle  cross-coupled  mutlon  chalirngr 
I  English  I 

Filigree  H.J.W.  (United  Kingdinii) 

Pharm.  Med.  1  (I)  1989,  )>pl7.28 


A  double-blind  placebo-controlled  comparison  nl' 
hyoselne  with  early  administered  cinnarixine  In 
Increasing  tolerance  to  a  naiiseogenk  croas-cuupleil 
niotion  challenge  lEngllsh) 

Fingree  B.J.W.,  Pethyorldge  R.J.  (Unlled  Kingdom) 
Pharm.  Med.  1(1)  1989,  pp29-42 


[I'cripheral  dlislnets.  T'ransport  alckneta  therapeutic 
aclualltyl  VortIgea.  Mai  des  Truns|nrts  Aetualillea 
Thenpeutlquoa  IFreneh,  English) 

Perrin  C.,  Sauvsge  J.P.,  PunHn  A,  (France) 

Ann.  Mud.  Haney  Bsl  21)  (3)  1989,  ppl9l-l93 
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[Nrw  iiiitural  subiuiiKe  helpi  agaiiul  travel  licknMi, 
The  iinictMi  travdirra.]  Neuei  Naturheilmittol  hilft 
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Kubilichck  J.  (aemiBny.  Federal  Repuhlie  oO 
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Trealment  of  levere  aiotldi)  itekneu  with  antimotion 
alchntit  drug  litlictloni.  (Engllahj 
Orayhiol  A,  Cackner  JR 

Avlal  Spact  Environ  Mid  (8)Aug  1987,  pp773-6 
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[Bngllih] 

(United  Kingdom) 

Drug  n*r.  Bull.  22(23)  1989,  pp9l-97 


[Tranidermal  Mopolaminc  and  mydriaibl  Seopolamine 
tranadermique  el  mydriaae  [Prench,  Engliahj 
Rodor  F.i  Coltin  C.,  louglard  J.  (Prance) 

Thtraplt  (6)  1989,  pp447-44g 


Therapeutic  management  of  nauira  and  vomiting 


Pharmacological  intervenliona  for  motion  ilckncna; 
cardiovaacular  effecta,  [Gngliihl 
Sunahara  PA,  Farewell  J,  Mlniz  L,  Johnion  WH 
(DepanmenI  of  Pharmacology,  Univcrilly  of  Toronto, 
Ontario,  Canada.) 

.ivlai  Spact  Environ  Mid  2t  (9  Pt  2)Sep  1987, 
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Alleviation  of  motion  .ilckncaa  by  nifedipine  [letirr] 

lengUihl 

Mariey  JB,  Joy  MD 

Lam  tii  (S376)Nov  28  1987,  pl26S 


Ma'dn  J,,  Ibaner.  M.C.,  Arrlhaa  S,  (Spain) 
Oin.  Pharmacol,  21  (i)  1990,  ppl-IO 


[Tranidermal  acopolamlne  delivery  lyitem  againat  the 
'lea-ilekneaa’  and  effecta  on  ocular  imooth 
miiiculalurci  Report  of  a  caie)  Slitcma  iranadermleo 
coniro  II  'mal  dl  mare'  a  bate  dt  ictipolamlne  ed  effciti 
aulic  muicolatura  llaela  oculare:  eaio  cllnico  [Italian, 
Engllahj 
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Alliai  J,  Gordon  C,  RIbak  J,  Blnah  0,  Rolnluk  A 
Avtiil  Spact  Environ  Mid  ij  (l)Jan  1987,  pp60-2 


Failure  of  metocinpraiiilde  to  control  etneaia  nr  nausea 
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[Engliahj 
Kohl  RL 

Avlal  Spact  Environ  Mtd  Jfi  (2)Fel)  1937,  ppl23-3l 


[I’reventbn  of  kinettiah  in  children.  Truii.aderiiiai 
therapy  with  Kopolaiiiine]  Klnctoacpmpyiuxc  hcl 
Kindom,  Tranadermalc  Thcrapiu  mit  Scopolainln. 
[Qcmian,  Engllahj 
Muller  M,  Beach  W,  Sleilner  D 
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The  combined  effect  of  cinnarlalnr  and  dninperldone  on 
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Avlal  Spact  Environ  Mtd  2S  (3)Mar  1987,  pp2l8-23 


Ginger  root  againat  araalckneai.  A  controlled  trial  on 
the  open  aea.  [Engliahj 

Oronived  A,  Praak  T,  Kambakard  J,  Hentaer  E 
(Department  of  Oto-Rhlno-Laryngology,  Svendborg 
Hoapital,  Denmark.) 
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pp45-9 


The  Republic  of  Singapore  Navy’a  Scopoderm  TTS 
iludyt  rciulla  after  2,200  man-daya  at  aea.  [Engllahj 
How  J,  Lee  PS,  Soot  LC,  Tan  PK  (Diving  Medical 
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H.  Malalinaga  T  (Department  of  Otolaryngology, 
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I'harinacologkal  treatment  of  vertigo.  [Tngllahl 
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(Department  of  Otolaryngology,  University  HoaplUil. 
Helsinki,  Finland.) 
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[Evaluation  of  the  effectlveneae  of  drugs  for  prrvi  ntiun 
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1 4,  Abstract 

. l^*ln  ucrospacc  activities,  motion  sickness,  specifically  airsickness,  continues  to  be  it  problem  during 

tlylng  training  and  in  regular  operations  fur  aircrew  and  pas,scngcrs  (c.g,  paratrtiops).  Slmulntor 
sickness  cun  degrade  the  effectiveness  of  simulator  training  and  space  sickness  reduces  the 
efficiency  of  astronauts.  Seasickness  Is  also  of  acromcdical  concern  in  so  far  as  it  affects  aircrew 
operating  from  ships  and  the  survivability  of  ditched  aviators. 

The  Lecture  Scries  has  been  designed,  primarily,  to  aid  practising  Flight  Surgeons  in  the 
performance  of  their  primary  core  duties.  It  should  also  be  of  interest  to  others  who  wish  to  obtain 
an  tivcrview  of  reccnl  advances  in  the  understanding  of  the  aetiology  and  treatment  of  mtniott 
sickness: 

The  topics  to  be  covered  in  the  1 2  lectures  arc: 

1 .  Clli.ical  features  of  motion  sickness 

2.  Operational  significance  of  motion  sickness 

3.  Aetiology  and  neurophysiological  mechanisms 

4.  Physical  charnctcrlsties  of  provocative  motion 

5 .  Special  features  of  air,  space,  sea  and  simulator  sickness 

6 .  Selection  and  a.ssessment  of  susceptibility 

7.  Prophylaxis  and  management. 

The  Lecture  Scries  will  conclude  with  a  Round  Table  Discu8sion«,:2r=: - 

This  Lecture  Series,  sponsored  by  the  Aerospace  Medical  Panel  of  AQARD,  has  been 
implemented  by  the  Consultant  and  Exchange  Programme, 
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